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Background of fh^ T»y^ntinn 

oy me build-up of plaque in the coronary arteries. 

» — ^^^^ 
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the fa„y .^^.:„.e.«,o„sbe^veenfoa„,oe,,s and *ee„d„U,e.ial and SMCs which 

s~U.en.,ead.„a..te„fch.„„. ,00. i„.a™™a«o„ whichcaneven.ua,,. J 
-,„ona„d„,,.^^^^ 

Such plaques ocCude the b,ood vesse, concerned and. thus. ««ric. fl,e flow of biood 
.su,.n,.„..hen,,.,.he™,a,sac„„d,«oncha„....db.a,ac.ofo,.,. 
.uesoo,..due.o,nade,ua,epe..s,on.Such,nade,ua.e„^ 
2'-^oau.s,,nc,udi„,a.he.osc,e.o«co.„,es,„ns,anen.a.o...^^^ 
-*-''~-.suchasU,ein.e™p.,o„„fd.efl„w„fb,oodduHnsbypa.ssu,^^^ 
0 fore.an,p,e,a,so,ead.o,sche»,a. addi^on .o son,e.n.es bein, cause brdJ 
-d„a.«.ue,,sche„Uan,a.son,e,,^^^ 

^s.^.A,«.oughfa.,„his.^ subsumes bo* ,e„e«ca„d Shared e„v.onn,en,a, face. 
^2-««-*a.CADhasave..s.on.,e„e,,cco.po„en.(M.enbe,,..,,:^^^^ 

30:,04,, Oesp,.e.ei™po„anceoffa™n,h,s.o.asa„s.fJ;„,cr 
^o.p,e.e,e„e,,cbasishasno.beene,uc,da.d.The....,he,den«^^^^^^ 

wh,ehare,nvo,vedinmedeve,opn,en.ofCADa„dMIwou,dbebeneficia. 

a.socia."*"^':^'''"''^"''''"'^""'""^--"*'"^ 
™w,*avascu,ard.seaseordisordc, such as coronas anety disease orn^^ocardia, 
"^farc,.on.„wo„,dft„*e,bedesi.ab,e.op.ovidep„gnos«c,diaanos«c 

Phannacoge„on,ic,and.he.peuuc„ed,ocuu.ihzi„g«.eiden«fledp„,^o:phic.gi„„s. 
Summary of the Invention 

T„ep.se„.i„ven.io„isbased,a„easti„pa«.on«,eidentiflcaaonofpo,yn,o,phic 
~,„^„„,„,,„„,,„^,„,^,^^ ^^^^^^^ ^ and«„„n,bospo„dn4 

efe^edtohcinasTHBS, and THBS4,, which are associated ^,h vascuiLiscase 
Jnat.ar.er,disease(CAB)and.yocardia,infarc«o„(M., Sin„e nuCeotide 
PO,«n.s(SNPs,wi«^thesep„,„.„,,„^^,,^^„,„^^,^^ 
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d,secui,ibriu.(LD,wi«,„*erSNPs Of fl,e same gene. Which have bee„p.vi„„„y 
assoc.a.edwi«, specific diseases or diso.e.,„c,„.„,_u.. diseases o..^^ 

Il.evaHa„.a„e,eofaTHBS, SNP. identified as G334u4, was previously sho™ to 
bea.soe.a.e ..hi„e.asedHs.fo^ ^ 

0de„nfiedhe.n.asG334„3.G334aI8.G334u5seeT^^^^ 

d,se,u„.h.u.<LD)wi«.G334u4. Two SNPs, identified herein as G334a,6a„dG334^ 
™.a.veLOwithG334n3.There..,G334n3,G334a,3,G334^ 

G3 4Ua„dSNPs,„LD,herewi«,,ac.as»ar..ers for G334U4 and canons he used .o 
prcd,c, nslc of vascular disease, e.g.. CAD and MI. 

^"^»'^«^'"faTHBS4SNP.iden«fledasG355u2.wasalsoprcvious,yshown 

.0 be assorted wift incased Hs^forvascuiar disease,.,., CADand MI. ..epresen 
~ a,.„,^,,,,,^^.,^^^^^^^^^__^^^^^^^^^^^^ 

— d,ere,nasG355a.,a„dTSC0656290seeTah.e,,,a.i„s.one,in.age 

Sm.nLDfl,erew,«,.ac.as™ar,cersforG355u2a„dca„,husbeused,op.dic,riskof 
cardiovascular disease, e.g., CAD and Ml. 

as d 'i!'!;*' - P---'-. SNPs identified 

a^^scnhedhe..,ho*sin...andi„eo.hinafion,aswellas.othe„seof 

oU,e^.«.thesegenes,par«cularly.hoseinlin.agedise,„i,ihriun,wi.h«.eseSNPs ho* 
s.ng y and ,„ co.hinafion, for diagnosis, predicfion of clinical course of U.e,^y a^d 

^a^e„.responseforvascu,ardisease.^eSHPsiden.fiedhe.i„„a.«.erhe„sedin 
^''evelop.entofnew^eaunentsforvasculardisea.haseduponcon.pa.sonof^e variant 
and„or™alve,..„nsofthegeneorgeneproduct(..,,therefere„cese,uence),and 
development ofcell.nltu.hased and aninial models for research and treatment of vascular 

rrin'r^T""'^^'"""^^'^— 
:rd;it~:r'"^-"'-'^-'"-^^^ 

In one emhodiment, fl,e polymon,hie «gions of the invention are associated with 
^.po„s.venesstovaso„lardisea.„rdiso,.erthe.apies,.,,clinicalcoursesof*^^^^^ 
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defibnl,a.or.a..„,adeviceu.ed in corona:, „arizatio„,apace.a.er,a„d any 
con,b.„a«o„«,ereof, surgical or „o„-surgical intervemion or procedures sucha. 

~"--»'™i„a,corona^a„giop.as,y,,^ra„gi„p,as.y,i„p,^^^ 
2— o„«,e^,^e.ediea,de.oe3de.^^ 
THBSl and/or THBS4 polypeptide activity. 

.''"""^""-."•epolymorphicregionsofa.einven.iona.a.souseMinthe 
etenr,.„a.,„uofuse„f*Ur.herdiagnosticp™.ocols,i„c,udi„g,bu,„ot,i..^ 

va.cu,ar.„agu,g,genctica,ralysis,fa™i,ia,hea,«,,ist„.ya„a,ys.,,ifes.y,ca„a,ysis 
exerc.se stress tests, or any combination tliereof. 

rae polyn,on,hisms of the invention may tl,us be usei. both singly, or i„ 

-"^■-■""."PWc.diagnostic.and.herapeuticme.hods.Korexample^ 
poymotpbtsmsoftbeinventioncanbeusedtodeterminewhetberasub^^^^^ 

THBS 1 or THBS4 actw.ty, e.g., a vascular disease or disorder 

20 thes ?'r"'"*""'''"'°'"'^'^""''^'^'^'''™'«"'--''-*odsofusing 

.hesemolecules.rbenuc,eicacidmolec„lesoftheinve„tio„i„c,udespccif.^ 
which differ from the THBS 1 and THR«4 

.2 83762)„rSEQlDNO:3(Gn4916,46),,esp«:«vely.orap„r.ionthe,eof nteprefeld 
nu^eica^dmoieculesoftheinventioncomprise^BS, or r„BS4 polymorphic re iot: 

25 ^----n-wiaithepolymon^hismsshowninTablel.andcombina.ions.he.eof 
Nucleic acids of the invention can fiinctionasprobes or Prime,.,.,., 
dete^m^gthealleUcidenHtyofa^SlorTHBMpo.^^^^^^ 

30 determin^'rr"''"'*'""''"''^"'^'^^'^'"^'^-'--"-'-- 
determ.newhetherasubJec.isorisno,atriskofdevelopingadiscasea.socia.edwitha 
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specific alleUc varian, of a THBSl or THBS4 pol^c r^ion, e.g.. a disea^ ordisorfer 
associated wift abeyant THBSl or ™bS4 activity, e.,.. a vasctUar disease or disorder such 
as CAD or MI. The nucleic acids of the invention can furtl^er be used to prepare THBSl or 
THBS4 polypeptides encoded by specific alleles, suci, as mutant (variant) alleles Such 
5 polypepttdes can be used in the™py. Polypeptides encoded by specific TOBSl or THBS4 
alleles, such as varian. THBSl or THBS4 polypeptides, can also be used as in^unogens and 
selection agents for preparing, isolating or identifying antibodies that specifically bind 
THBSl or THBS4 ptoteins encoded by these alleles. Accordingly, such antibodies can be 
used to detect variant THBSl or THBS4 proteins. 
0 There are six preferred polymorphisms identified in Uie THBSl gene One 

polymorphism is a change ftom an adenine (A) to a guanine (G) in the THBS 1 gene at 
residue 55322 of the reference sequence GI 12583762 (polymorphism ID No. G334u4) This 
polymoiphism results in a change from an asparagine (N) to a serine (S) in the amino acid 
secuenceofTHBS, (SEQ ID N0:2) a, amino acid residue 700. A second polymorphism is a 
■ change from a thymidine (T) to a cytidine (C) in the THBSl gene a. residue 53502 of the 
t^ference sequence GI 12583762 (polymon^hism ID No. G334u3). This polymoiphism does 
no, result m a change in the amino acid sequence of the THBS 1 protein (it is a "silent" 
vanant). A third polymo^ihism is a change from a cytidine (C) to a thymidine m in tiie 
THBSl gene a, residue 60793 of the reference sequence-GI 12583762 (polymon>hism ID 
No. G334al 8). This polymorphism is not present in the coding sequence of the THBS 1 
gene, and tiietefore does not result in a change in the amino acid sequence of the THBSl 
protem (it is a "non-coding" variant). A fourth polymoiphism is a change fiom a titymidine 
m to a cytidine (C) in the THBSl gene at residue 58445 of the lefetence sequence GI 
12583762 (polymoiphism ID No. G334U5). This polymorphism is a silent variation A fifth 
polymoiphism is a change fi^m an adenine (A) to a guanine (G) in the THBSl gene at 
residue 52861 of the reference sequence GI 12583762 (polymorphism ID No. G334al6) 
T1..S polymoiphism is a silent variant. A sixth polymotphism is a change from a fliymidine 
(T) to a cytidine (C) in the THBS I gene at lesidue 49556 of fl,e i^fei^nce sequence GI 
12583762 (polymorphism ID No. G334k2). This polymorphism is a non-coding variant TTie 
SIX THBSl polymoiphisms described above ^ in linkage disequilibrium with each otiier 
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There are three preferred polymorphisms identified in the THBS4 gene The first 
polymorphism in the THBS4 gene is a change from a guamne (G) to a cytidine (C) in the 
THBS4 gene at residue 105290 of the reference sequence GI 14916146 (polymorphism ID 
No. G355U2). This polymorphism results in a change from an alanine (A) to a p,»li„e (P) in 
5 the amino acid sequence of THBS4 (SEQ ID NO:4) at amino acid residue 387. The second 
THBS4 polymorphism is a change from a guanine (G) to an adenine (A) in the THBS4 gene 
at residue 118019ofthe reference sequenced 14916146 (polymorphism ID No G355all) 
Th,s polymorphism results in a change from a glycine (G) ,o a serine (S) in the amino acid 
sequence of THBS4 (SEQ ID N0:4) a, amino acid residue 718. The third THBS4 
) polymorphism is a change from a guanine (G) to an adenine (A) in the THBS4 gene at 

residue 89835 of the reference sequence GI 14916146 (polymorphism ID No. TSC0656290) 
Th,s polymorphism is not present in the coding sequence of the THBSl gene, and therefore 
does not result in a change in the amino acid sequence of the THBSl protein (it is a "non - 

codmg" variant). These three THBS4 polymorphisms a,* in linkage disequilibrium with 

each other. 

The nucleic acid molecules of the invention can be double- or single-stranded 
Accordingly, i„ one embodiment of the invention, a complement of the nucleotide sequence 
.s provided wherein the polymorphism has been identified. For example, where there has 
been a single nucleotide change from an adenme to a guanine in a single strand the 
complemem of tha, sd-and will contain a change from a thymidine to a cytidine a. the 
corresponding nucleotide residue. The invention further provides allele-specific 
oligonucleotides that hybridize to a gene comprising a polymorphism of the present 
invention or to its complement. 

The polymorphisms of the present invention, singly, in combination with each other 
or m combination with previously identified polymorphisms, are shown herein to be 
associated with specific disorders, e.g.. vascular diseases or disorders. Examples of vascular 
drseases or disorders include, without limitation, atheroscle,x>sis, coronary artery disease 
(CAD), myocardial infarction (MI), ischemia, stroke, peripheral vascular diseases, venous 
thromboembolism and pulmonary embolism. 
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TTe invention ftmher provides vectors comprising the nucleic acid molecules of the 
present invention; host ceils Wected with said vecto,. whether prokaryotic or eukaryotic- 
and tnmsgemc non-human animals which contain a heten>logous form of a fimctional or noti- 
ftmctional THBSl and/or THBS4 allele described herein. Such a transgenic animal can 
serve as an animal model for studying the effect of specific THBSl and/or THBS4 allelic 
vanauons, including mutations, as well as for use in drug screening and/or r^ombinant 
protein production. 

The invention further provides methods for determining at least a portion of a THBSl 
and/or THBS4 gene. In a prefeaed embodiment, the method comprises contacting a sample 
nuclcc acid comprising a THBSl and/or THBS4 gene sequence with a probe or primer 
havng a sequence which is complementaty to a THBSl and/or THBS4 gene sequence 
canying out a reaction that would amplify and/or detect differences in a region of interls, 
within the THBSl and/or THBS4 gene sequence, and comparing the result of each reaction 
with that of a reaction with a control (known) THBSl and/or THBS4 gene (e.g., a THBSl 
and/or THBS4 gene from a human not afflicted with a vascular disease or disorder . g. 
CAD, MI, or another disease associated with an aberrant THBSl and/or THBS4 activity) so 
as to determine the molecular structure of the THBS 1 or THBS4 gene sequence in the 
sample nucleic acid. The method of the invention can be used for example in detennining 
the molecular structure of at least a portion of an exon, an intron. a 5' upstream regulatoty 

element, or the 3' untt^slated region. Inapreferred embodiment, the method comprises 
detennining the identity of a, leas, one nucleotide. In another preferred embodiment the 
method comprises determining the identity of more than one nucleotide. In yet another 
preferred embodiment, the nucleotide is residue 55322, residue 53502. residue 60793 
residue 58445. residue 52861. and/or residue 49556 of the reference sequence GI ,2583762 
(Ae THBSl gene), and/or residue 274474. residue 118019. and/or residue 89835 of the 
reference sequence OI 14916146 (the THBS4 gene). 

In another preferred embodiment, the method comprises determining the nucleotide 
eontem of a. least a portion of a THBSl or THBS4 gene, such as by sequence analysis In 
yet another embodiment, determining the molecular structure of at least a ponion of a 
THBSl or THBS4 gene is carried out by single-stranded confomtation polymotphism 
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(SSCP). In ye, another embodiment, the method is an oligonucleotide ligation assay (OLA) 
Other methods within the scope of the invention for determining the molecular structur. of 
at leas, a portion of a THBS . or THBS4 gene include hybridization of allele-specific 
ohgonucleo,ides. sequence specific amplification, primer specific extension, and denaturing 
5 lugh performance liquid chromatography (DHPLC). In at least some of tt,e methods of fte 
.nven„on. fte probe or primer is allele specific. Preferred probes or primers are .ingle 
sttanded nucleic acids, which optionally are labeled. 

The methods of the invention can be used for determining the identity of a nucleo,ide 
or ammo acid residue wirhin a polymorphic region of a human TOBS 1 and/or THBS4 gene 
> 0 presen, in a subjec For example, tite methods of fte invention can be useful for detetmining 

whcherasubjec, has, or is or is not at risk of developi„g.adisease or condition associated 
w,ti, a specific allelic variant of a polymorphic t^gion in tite human THBSl and/or ™bS4 
gene, e.g., a vascular disease or disorder. 

In one embodiment, the disease or condition is characterized by an abermnt THBSl 
15 and/or THBS4 activity, such as aberrant THBS 1 and/or THBS4 protein level, which can 
result torn aberrant expression of a THBSl and/or THBS4 gene. TOe disease or condition 
can be CAD, Ml. or another vascular disease. Accordingly, the invention provides methods 
for predicting vascular diseases associated witi, aberrant THBSl and/or THBS4 activity 
The invention also provides a method of identifying subjects which are at increased 
20 rrsk of developing CAD and/orMI. wherein the medtod comprises the steps of i) identifying 
m DNA fi«m a subject at least one sequence polymorphism, as compared witi, the reference 
raSSl and/or THBS4 gene sequence which comprises SEQ ID NOs:l and 3. respectively 

maTHBSl -"d/or THBS4 gene sequence; and ii) identifying tite subject based on tire 
identified polymorphism. 

25 In another embodiment, the invention also provides a method for identifying a subject 

as a candidate for a particular clinical course of tiierapy for a vascular disease or disorder 

CAD or Ml. for example, trea.mem with medications, lifestyle changes, use of medical 
devrces such as a defibrillator, a stent, a device used in coronary revascularization a 
pacemaker, and any combination thereof arrd/or surgical devices, such as, bu, not limited to 

0 -Sioplasty devices, used in. for example, surgical procedures such as percutaneous 
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transluminal coronary balloon angiopla«y (PTCA) or laser angioplasty, implantation of a 
stent, or surgical intervention, such as co,x,na,y bypass gtafting (CABG), or any combination 
thereof, wherein the method comprises the steps of obtaining a nucleic acid sample from the 
subject, determining one or more of the nucleotides present at nucleotide positions 55322 
5 53502, 60793. 58445, 52861, and/or 49556 of SEQ ID NO:., and/or the identity of the ' 
nucleofde present a. nucleotide position 105290, 118019. and/or 89835 of SEQ ID NO-3 or 
the complement theteof; and identifying the subject based on the idcntiHed nucleotides aJa 

subject who isacandidateforaparticular clinical courseoftherapyforavascular disease or 
disorder. 

a In yet another embodiment, the invention pmvides a method of identifying a subject 

asacandidate for further diagnostic evaluation foravascular disease or disorder or for the 
nsk of a vascular disease or disorder, such as, for example, cardiovascular imaging, such as 
angiography, cardiac ultrasound, coronary angiogram, magnetic resonance imagery, nuclear 
.niagmg, CT, myocardial perfusion imagery, or electrocatdiogram, genetic analysis . g. 
.denufication of additional polymorphisms, f»,iUal health history analysis, lifestyle ^alysis 
or exercise stress tests, alone or in combination, whetein the method comprises the steps of ' 
obtatmng a nucleic acid sample from the subject, detemrining one or more of the nucleotides 
presem at nucleotide positions 55322, 53502. 60793. 58445. 52861, and/or 49556 of SEQ ID 
NO: 1, and/or the nucleotide present at nucleotide position 105290. 1 18019. and/or 89835 of 
SEQ ID N0:3. or the complement thereof; and identifying the subject based on the identified 
nucleotides as a subje« who is or is not a candidate for further diagnostic evaluation, or who 
would or would not benefit from further diagnostic evaluation for a vascular disease or 
disorder. 

In a further embodiment, the invention provides a method for treating a subject 
havmg a disease or condition associated with a specific allelic variant of a polymorphic 
regton of a THBSl and/or THBS4 gene. In one embodiment, the method comprises the steps 
of (a) determining the identity of the allelic variant; and (b) administering to the subject a 
ehmcal course of therapy that compensates for the effect of the specific allelic variant . g. 
ireatment with medications, lifestyle changes, surgical devices, such as, but not limited to 
angioplasty devices, used in. for example, percutaneous transluminal coronary balloon 
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angiop,as,.(PTCA)„nase.»^op,asty,i„p,a„.«o„„f,,,„,„3^,^ ^^^^ 

J.„™.„,«„„«,„eof. >"o„ee..odtae„,,U,ec,i„ica,cou^„f^e.py.ad»i„i:^«„„ 

ofanage„.or„odu.a.orwhich™odu,a.es..^.,ago„ize.„,anmgo„i.s,™BSIorTHBS4 
.uce i, expression „.™BS,„.T„BS4p.„.ei„ levels, inaprcfe^de™^^^^^^^^ 

raBS, orTHBS4„„cIe.cacid™„,ecu.e.aTHBS. or THBS4 pro.ein „, p„typep,de an 
antibody, a peptidomimetic, or a small molecule. 

i oanb ;""r'^^'"'~'""'"''*^=''-'«'^'^«"™tlsamu.a,lo„. Themu,a.i„n 

oa„beloca,ed,e.,.,i„a5.ups..am.gu,a.o^elemem,a3-regula.o,yeleme„,,anmtron 

. oranexono nhegene. Thus, for example, in a subjec, havmg „„e or mo. of *e varian. ' 

^Mesa.™cleo.idep„si.ons55322,53502,60793,58445.5286,and/or49556ofSEQm 

1= "»019,and/or89835ofSEOIDNn-3 

as CAD or M, K ^ ^^'"*"'""'"™*=^='"-.™^'="lar disorders such 

pa«.cularolm.ea,cou.eof.ea.men,s„»cien,.o.ea,preven..orame.ion..tbevlcu,a^ 
disease or disorder. 

Additionally. ,he invention provides a method of identifying a subject who is 

satnple from a subject; and ii) detecting in the nucleic acid sample a THBSl or THBS4 
Senepolymorphismor one or more in combination, thatco^late With ^.evasculardi.^^^^ 

v^thaPva^ue less than or equal ,o0.05,.he existence of thepolymotphism being indicative 
ofsusceptibUity to the vascular disorder. 

TT.e invention also provides a meti,od of treating vascular disorders which method 

compnses the step of i) identifying in genetic material of a subject a THBSl a„d/or ™bS4 

gene polymorphism that correlates with inceased responsiveness to a climcal course of 

~t as compared withresponsivenessofasubjectlaclcingthepolymorphisn.; and ii) 
adrnmistenng the clinical cout^ of therapy to the subject. 

30 The invention further provides fotensic methods based on detection of 
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polymorphisms within the THBSl or THBS4 genes 

a region ot nucleotide sequence which hybridizes to at Ie«,t ^ 
naturally „cc™„g„„^^„ • ' ■ ^.l". ' 1. 12. or 13. or 

•.~.,.,..„„..,„„.^.,,,^, »»■-••>•». 

disorder. ^ ^^^^"^ar disease or 
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Brief Description of the Fig ures 

Figure I depicts the nucleotide sequence con^sponding to reference sequence GI 
12583762 (SEQ ID N0:1) for the THBSl gene. 

' NO-2) ^ ^^^^ ^ 

Figure 3 depicts the nucleotide sequence corresponding to tefetence sequence GI 
14916146 (SEQ ID N0:3) for the THBS4 gene. 

Figure 4 depicts tire reference amino acid sequence for the THBS4 p,»tei„ (SEO ID 

0 N0:4). 

Detailed Descriptinn c t the Invention 

The present invention is based, at leas, in part, on Ute discovery that fluee SNPs in ti,e 
THBS, gene (identified herein as G334u3. G334al8, and G334u5, see Table I), are in strong 
linkage disequilibrium (LD) witi, G334„4. and are associated witi, increased risk of vascular 
disease such as CAD and MI. Two SNPs in the THBSl gene, identified herein as 0334al6 
and G334k2, are in negative LD with G334u4 and have a protective effect for vascular 
disease, e.g.. a subject with the variant alleles are less likely to have vascular disease e g. 
CAD or MI. The variant allele of G334u4 was previously shown to be associated with ' 
increased risk for vascular disease. CAD and MI. Therefore, G334u3 G334al8 
G334U5. G334al6. and G334k2 act as ntaHce. for G334u4 and can be used to predict risk of 
cardiovascular disease, e.g, CAD and MI. 

The present invention is also based, at least in part, on the discovery that two SNPs in 
.heTHBS4gene(identifiedhereinas0355all and TSC0656290 see Table 1), are in linkage 
disequilibrium (LD) witi. G355u2 and are associated witi, inc^ased risk for vascular disease 
such as CAD and ML n>e variant allele of G355u2 was previously shown to be associated 
wtitmcreasedriskfor vascular disease, CAD and MI. Thetefo.^, G355al 1 and 
TSC0656290 act as markers for G355„2 and can be used to predict risk of cardiovascular 
disease, e.g., CAD and ML 
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The term "linkage" describes the tendency of genes allele, l..- 

measu..dbyp«ce„,rec„„bi„a,io„be^vee„fte,woge„es alleles In ' 
T1.e.enn.«,eaise,uill«™,3,so.fe„ed,oJe^2^^^^^^ 

marker or SNP c«n h \. mformation at one 

.antallele. The reference alleles («., 'he comensus sequence, or wild Wpe allele, tev 
been des,gna,ed based on fteir frequency in a generd U S Ca, ■ 
5 The reference allH, • ,^ ^^"^"^ " S- Caucasian population sample. 

ele . Nucleotrde sequences n, OenBank may co^espond ,o either allele and 

q .he THBSI gene or Gl 14916146. the reference sequence for the THBS4 

responding to SEQID NO:, and SEQ ID N0:3. respectively^ - ^ *e THBS4 gene 
for the amino acid sequences of THBS 1 and THBS4 T """"" 
andSEOmMr,. ^""^S" P"-''":"'^ are set forth as SEQ ID NO-2 

2SEQ.DNO:4.re,pec,ively.™evariantal,eled.ffersfromthereferenceallelehyar 

BSl »''™S4refe,encesequencesand/orc„mplementsofthevarian,alldestobeu, d 
smglyormco^binationtop^icttheriskofvasculardisease 

disc .;'^'^'''^*^™''^' Beneasdescribedherein.whichareinlinl.ge 

.eq .1. „umwi.heacho«,er.canbeusedsi„g,yorincombination.opredi tthcri^^ 

va.u.ard.seaseinasubJect.Ei.ewise.theSHPsoftheTHBMgene.:desc2": 
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which a. in linkage disequmbri™ with each oto,ca„ be used ™g,y„,i„oo»^^^^^ 
predict the risk of vascular disease in a subject. 

Tie invention fimher relates to nucleotides comprising portions of the variant alleles 
and/or portions of complements of the variant alleles which comprise the site of the 
polymotphismandareatleastsnucleotidesorbasepairsinlength. PorUonscanbe for 
example, 5-10. 5-15, 10-20, 2-25, ,0-30, ,0-50 or 10-100 bases or basepairs long, ^or 
example, a ponion of a variant allele which is 1 7 nucleotides or basepairs in length includes 
the potymotphism (/.... the nuclcotide(s) which differ from the reference allele at that site) 
and twenty additional nucleotides or basepairs which flank the site in the variant allele 
These additional nucleotides and basepairs can be on one or both sides of the polymon^hism 
Polymo^hisms which a. the subject of this invention ate defined in Table 1 with respect to 
the ..fetence sequences identified in Tabic 1 . and those polymorphisms in Imkage 
disequilibrium with the polymorphisms of Table 1. 

I. is understood that the invention is not limited by these exemplified reference 
sequences, as variants of these sequences which differ at locations other than the SNP sites 
.denufied heiein can also be utilize!. The skilled ariisan can readily detenninc the SNP sites 
m these other reference sequences which correspond to the SNP sites identified hetein by 
ahgmng the sequence of interest with the inference sequences specifically disclosed herein 
and programs for performing such aligmnents are commeicially available. For example the 
ALIGN prog,^ in the GCG software package can be used, utilizing a PAM120 weight' 
residue table, a gap length penalty of 12 and a gap penalty of 4, for example 

The polymoiphic region of the present invention is associated with specific diseases 
or disorders and has been identified m the human F7 gene by analyzing the DNA of cell lines 
derived from an ethnically divert populadon by methods described in Cargill, « a, (1999) 
25 Nature Genetics 22:231-22^. 

Cases which were used to identify associations between vascular disease and SNPs 
were comprised of 352 U.S. Caucasian subject with prematui. coronaty arteiy disease were 
Identified ,n 15 participating medical centets. fulfilling the criteria of cither myocardial 
mfatction, surgical or pe^utaneous tevascularization. or a significant coronaty artery lesion 
iO ^-8"°-^''rfo-age45inmenorage50inwomenandhavingalivingsibUngwhomet.he 
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;,tne polymerase Cham reaction rPrp^ o«^/ • . 

Polymo^his™ CSSCP) analysis Of genomic DNir r™' ""'^'""''"™^'^^ 
in Ae Examples, using PCR prime ^ ^ 

ofU,eex„ns.3.„™CZe ""''^"'"'^'"'"""-^^ 

andTHBS4ge„es. of *e human MBS, 

' ~ 

— depoi^smsCSNPsJ^rn 

in Table ,. ''"'^'<"»'^™n>hisms of a.e invention are listed 

-Pol„smisp„.,,.„.,J'l^^^^^^^ 

'efere„ce„ucleo«e,i. inaica^d in lowercase eZT "^'^^^^^^ 

«an.ing*epo,ymo,,enucleoUde,esldue"ri :r 

0 n-leoUdes3.ofa,epolymon,hism) C ^ , : P°'~3m and 8 

i^uiymorpftism). Column 1 0 ndicates the <;pn tt^ xt^ , 

-^r:— -r— 
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nmnber 1 is tt,e firs, (,>., S') nucleotide in each .fe.„ce sequence. Colunm 8 lists .he 
..fcrence sequence and polymorphic nucleotide residue for each polymo,:,hism 

Colunm4describesfte type of variant for each SNP..^.,™isse„se(n,is).silen,, or non- 
coding. 

5 Tl.e nucleic acid molecules of fl,e invention can be double- or single-sti^ded 

Accordmgly. ti.e invention further provides for fte complementary nucleic acid stiands 

comprismg die polymorphisms listed in Table 1 . 

The invention further provides allcle-specific oligonucleotides that hybridize to a 

gene comprising a single nucleotide polymorphism or to the complement of the gene Such 
' ohgonucleotides will hybridrze to one polymorphic fonn of the nucleic acid molecules 

described herein but no. to tite other polymorphic form(s) of the sequence. Thus such 

Ohgonucleotides can be used to determine the presence or absenceofparticular alleles of ti,e 
polymorphic sequences described herein. These oligonucleotides can be probes or primers 

Not only does the present invention provide polymon^hisms in linkage dis«,uilibrium 
w..h the polymorphisms of Tabic 1. i. also provides meti,ods for reveahng the existence of 
yet otiter polymorphic regions in the human THBSl or THBS4 gene. For example tire 

polymorphism studies described herein can also be applied to populations in whichother 

vascular diseases or disorders are prevalent. 

^^^--P-^-ftheinventionaredescribedbeloworwillbeapparenttooneofskill 
in the art m light of the present disclosure. 

Definitions 

For convenience, the meaning of certain tenns and phrases employed in flre 
specification, examples, and appended claims a.^ provided below. 

The term "allele", which is used interchangeably herein with "allelic variant" refers to 
alten^tivefomrsofagene or portions tirereof Alleles occupy tire same locus or position on 

homo,ogouschromosomes.Whenasubjec. has two identical allelesofagene, tire subject is 
sard to be homozygous for the gene or allele. When a subject has two different alleles of a 
gerre, the subiect is said to be heterozygous for tire gene or allele. Alleles of a specific gene 
mcludmg the THBS. or ™bS4 genes, can differ ftom each otirerinasingle nucleotide or' 
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An allele of a gene can also be a fon„ of a gene confining one or ™ore mutations 

-n-^'— -allelicvariantofapolymon^hicregionofaTHBSl or THBS4 gene" refers 
to an alternative form of the THBS I nrTHR«.i u • B ue reiers 

me iMBbl or raBS4 gene having one of several possible 
nueleonde sequences found in ,ha. region of the gene in the population 

used ■ ."'f''''' °'"''"'-'™^"-"--.y"or "biological lection", which are 

used .nterchangeabty.forthepnrposes herein When applied to THBS, or THBS4.n.eans an 

effector or antigenic function that is directly or indirectly performed byaTHBSl or THBS4 

Mypept.e(whetheri„i.s native or denatured confonnationUrbyafiag^ent thereof 
B.o.og.calac,.vi,ies include modulation Of diedevelop™^^^ 

THBSl or raBS4 b.oacvity can be modulated by directly affecting a THBSl or THBS4 
pmtem effected by. for example, changing the level of effector or substrate level 

THBS,orTHBS4prote.n.suchasbymodulati„gexpressionofaTHBS,orTHBS4gene 
Anttgemc flections include possessionofan epitope or antigenrc site that is capable 
:rt"""*""^-^«^-'^— ™--™S4p„,ypepti.eor 

Bio,ogieal,yactive™BS.orTHBS4po,ypep.idesi„cl„depo.ypeptideshavi„gbo.h 
anefrectora„dan.,gemcfunction,oronlyoneofsuchfit„ctions.THBS, orTHBS4 
polypeptides include antagonist polypeptides and native THBSl or THBS4 polypeptides 

P^vtdedthatsuch antagonists include a„epitopeofanative™BS,orTHBS4poyp^^^^^ 

A^e^orfUnction„fTHBS.orTHBS4polypeptidecanbeti,eabi,i.y.obind.o 
of a THBSl or THBS4 molecule. 

^-edhereintheterm-bioactivefragmentofa THBSl or THBS4 protein" refet. 
toaf^agment ofafUll-length THBSl or THBS4p,.tei, Wherein tite fragment specifically 
nunucsorantagoni^sthea^ivityofawild-typeTHBS, „rTHBS4 protein. Tl,e bioactive 

fh-gmentpreferablyisaf^gment capable ofbindingtoasecondmolecule, such asaligand 
T^eten„"anaber,a„ta«ivity"or-.abn„n„a,activity..asapplied,oanactivi.yofa' 
P«>.em such as ™BS.orT„BS4.refers.o an activity Which diffe..f.,m the activity of tite 
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-bjec,,e,.,a.„bjec. „„. afflicted wiftadi^ease associated wi,haTHBS. or THBS4 allelic 
™.a«.A„ac«vit.o.ap.teincan.a.t,a„t.ca.eit.sst.o„,er.,a„^ 
wtM-^peco^tetpar.. A.tentative,. a„ activity ofa protein can .eabenant^ause .is 
weaker or absent tciative to the activity ontsnonn. or .ferencecounte^artA^abel 
a.™t.c».sobeacHan.ei„reactivit..Pore.^p,eanaW.prote:^ 

d.fferen.p..e,n or iigand^lative to its nonna, or reference cou„te,par,.Ace„ can also 
THBS, orT„BS4ge„e. Aberran, XHBS. or ™bS4 activity can .suit ft„,„ a .utation in 
IZr^^t;-" '"'"---'^--—^•^ofaii.andtotbeXHBS, o 
™BS4p:„.e.„en«K,ed by the mutated gene. Abenan.THBSl or THBS4 activity can also 
result from an abnormal THBS I or THRS4 v , 

1 1 HB!, I or THBS4 5 upstream regulatory element activity 
Cells." "host cells" or "recombinant host cells" are tet^s used inten:hangeably 
herem. » -s understood , bat such tenns refer not only to the particular cell butto the 
progeny or derivatives of suchacell.Becausecer.ain modifications may occur in 
succeedmggenerationsdue.eiUter mutation or environmen.1 influences, suchprogeny 

^--"'--ta.fl^etenn-courseofclinicaltherapy.referstoanychoseomethodto 
.^.p.vent,orameUorateavasculardisea. 

^^^dteasesordtsorders. courses ofc,i.c. therapy include, butarenotlimi.^ 
IS d 

nted,cadev,ces,suchas, but not limited to,adeflbrillato,as.e„t,adevice used in coronary 
.v.ct^..apacema.er,ora„^ 

~us t.anslum,na,co..„ary balloon angioplasty (PTCA)or laser angioplasty or 

'^--'»'--.*ete„n"ge„e"or",ecombinantgene"referstoa„ucleicacid 
n-olecule comprising an openreadingfiameand including a. least oneexonandfoptionally) 
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an inconsequence. The ,e™-i„.o„".fe.,oaDNAse,„e„cep^„.i„agiveng«^^ 
which IS sphced out during mRNA maturation. 

As used herein, the tern, "genetic profile" refe. to the information obtained from 
■denttfication of the specific allelic variants of a subject. For example, a THBSl genetic 
profile .fers to the specific allelic variants ofasubject within the -mBSl gene For 
example, one can detennme a subjecfs raBS 1 genedc profile by de,en„i„i„g .be identity of 
one or more of the nucleotides present at nucleotide 5322, 53502. 60793 58445 52861 
and/or 49556 of SEQ ,D NO:, (the THBSl gene). One can determine a subjccf's THBS4 
genetic profile by determining the identity of one or more of .he nucleotides present at 
nucleotide position 105290. n8019, and/or 89835 of SEQ ID N0:3 (fte THBS4 gene) The 
geneticprofileofapatticular disease canbe ascertained thr^ughidentificationo 
of allehc variants in one or more genes which are associated w..h the particular disease 

"Homology" or "identity or "similarity" refers to sequence similarity between two 
pepfdes or between two nucleic acid molecules. Homology can be determined by 
comparing a position in each sequence which may be aligned for purposes of compari 



risen. 
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Whenapostttonin the compared sequence is occupied by .besame base or amino acid, then 
ftemoleculesare homologous at that pos,„on.Adegreeofhomo,ogy between sequences is 
afUnctronofthenumberofmatchingorhomologouspositionssharedbythesequences An 

less a,an 25 »/o rdentrty. with one of the sequences of the present invention 

To determine the percent identity of two amino acid sequences or of two nucleic 
actds the sequences are aligned for optimal comparison purposes . gaps can be 
mtroduced in the s«,uencc of a firs, amino acid or nucleic acid sequence for optimal 
ahgnment with a second amino or nucleic acid sequence). TT,e amino acid residues or 

nucleotides a, corresponding amino acdpositions or nucleotide positions are then compared 
When a pos,Uon in the first sequence is occupied by the same amino acid residue or 
nucleotrde as the corresponding position in the second sequence, then the molecules are 

2jcal at Utatposition. The percent identity between the two sequences isafUnc,,onof,he 
numberofrdenttca, positions shared by the sequencesae..%identi.y=numberofide„tical 
posmons/total number Of positions(e,..overlappingposi«ons)x,00).ln one embodiment 
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the two sequences are the same length. 

Al.schu,„993,^.„. uSA90:S,73-5Sy7. Such a„ algorifl™ 

incorporated into the NBLAST and YRT a 
i^/./. 215-403-410 BLAsf r 

5.403 410. BLAST nucleotide searches can be perfonned with the NBLAST 
program, score - 1 00, wordleneth - i ? • , ^nbi.aj> l 

10 nuclei. . ^'^~^^'""*'^"^"""^^^°tide sequences homologous to a 

nucleic acid molecules of the invention RT aqt • S""J>ioa 
XBLAST nro ''"^'^'^ P^^fo^ed with the 

Aiii^AST program, score = 50, wordleneth - ^ t« «w • • 

S)0(z;/OM,,.,7. Suchana,gori,tanisi„oo,po^edin,o*eAUONp™g:.„, 

u.U..ng*eAUGNp„^forco.paH„ga™hoaciase,uences,aPAM2o!!l 
-d„e^,e,a«apW*pe„a,.on.,an.a,appe„a,,„,.ea„be.rrarl 

^~,aPAM,20we,ah..s.due,ab,e can, fo. example, be used wi,ha..Me value Of 
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having SEQrDNO:N is intended ,oi„c,.de„uoleic acids havinganuoleotide sequence 

wh-chhasacertain degree „fWl„gywi«,SEQ,DNO:N„. with U,eco™p,en.ent,he.„f 
Preferred h„™„,ogs of nucleic acids are capable of l,ybridizing to .he nucleic acid or 
complement thereof. 

5 nietenn "hybridization probe" or "primer" as uscdhereinis intended to include 

ohgonucieotideswhichhybridize bind inabase-spccificntannertoaco^plementat, strand 
of a target nucleic acid. Such p,„bes include peptide nucleic acids, and described ,n Nielsen 

«./ (199,).„v„c. 254:1497-1500. Probes and Primers can be any length suitable for 

^"-^'^ ^^^-iontothetargetnucleicacidsequenccTT^entostappropriatelengthofthe 
probe and prtnter may vaty depending on the hybridization method in which it is being used- 

forexampIe.pat,icularlengthsmaybe„oreappropria.eforusei„micr„fabrica,edan.ys ' 
whtle other lengths may be more suitable for use in classical hybridization methods. Such 
opfrntzations are known to the skilled artisan. Suitable probes and primers can t^ge fonn 
^''-;"-'-'destoabou.30nuclcotidesinlength.Forexample.p,„bes»^ 

be5.MlO,,2.,4.16.18.20,22,24.25,26.28or30nucleo.idesi„le„gth.Theprobeor 
pnmer of flte invention comprises a s^uence ^ flanks and/or prefentbly overiaps, at least 
one polymotphic site occupied by any of the possible variant nucleotides. The nucleotide 
sequence of an overiapping probe or primer can co^spond to the coding sequence of the 
allele or to the compkmem of the coding sequence of the allele. 

The term "vascular disease or disorder" as used herein refers to any disease or 
disorder effecting the vascular system, including the heart and blood vessels. A vascular 

dtsease or disorder includes any d,sease or d-sorderchatacterized by vascular dysfUncUon 
.ncludmg. for example, intravascular stenosis (narrowing) or occlusion (blockage), due to'the 
development of athetosclerotic plaque and diseases and disordet. resulting thereft^m 
Examples of vascular diseases and disorders include, without limitation, atherosclerosis 
CAD, MI, ischemia, stroke, peripheral vascular diseases, venous thromboembolism and' 
pulmonary embolism. 

The term "interact" as used herein is mean, to include detectable intentctions between 

molecules,suchascanbedetectedusi„g,forexample,abi„dingorhybridizationassay The 
.enn mterac. is also mean, to include "binding" intetactions between molecules. Interactions 
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may be for example. protdn-prCein. prCein-nudeic acid. p™,ein-3mall molecule or small 
molecule-nucleic acid in nature. 

The term "intronic sequence" or "intronic nucleotide sequence" refers to the 
nucleotide sequence of an intron or portion thereof 

n>e term "isolated" as used herein with respect to nucleic acids, such as DNA or 

RNA. refers to molecules sepa^ted from other DNAs or RNAs.respectively,that are present 
m t^e natural source of the macromolecule. The term isolated as used herein also refers to a 
nucletc acid or peptide that is substantially fi.e of cellular material, viral material, or culture 
med,um when produced by recombinant DNA techniques, or chemical precursor, or other 
chem,cals when chemically synthesized. Moreover, an "isolated nucleic acid" is mean, to 

mc^de nucleic acid fragments which^no. naturally occu^ing as fragments and would not 
befoundmthenatural state. Tie term-isolated" is also used herem to refer to polypeptides 

wh,ch ate .solatedlK.m other cellularproteinsandismeant to encompass bothpurified and 

recombinant polypeptides. 

^''^'^"""'■■>^S^"''escribesthete„de„cyofgenes,aI,eles.lociorge„eticmarkersto 
be .nhented together as a result of their location on the same chromosome. It can be 

™d by percent recombination between the two genes, alleles, loci, or genetic markers. 
TT.e term hnicage disequilibrium." also referred to herein as "LD," refers to a greater than 

random association between specific alleles at two marker loci wiflrinaparticularpopulation 
In gene™,, linkage disequilibrium decre^swithan increase in physical distance. Iflinkage 

dtsequtlthnum exists between two marker.. «,e„ the genotypichtformation a. onemarker^ 
be used to make probabilistic predictions about the genotype of the second marker 

The term '-locus" refers to a specific position in a cht^mosome. For example, a locus 

ofaTHBSl orTHBS4generefersto*ech,.mosomalpositionofthe™BSl orTHBS4 
25 gene. 

The term "modulafion" as used herein refers to both upregulation. 0>.. activation or 
sfmulatton). for example by agonizing; and downregulation (i.e. inhibition or supp^ssion) 
for example by antagonizing of a bioactivity (e.g. expression of a gene). 

The.erm-molecularstruc,u.e"ofageneoraportionthereof,.fers.o,hes.ructu.eas 
defined by the nucleotide content (including deletions, substitirtions, additions of one or 
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more nuclecides). fte nucleotide sequence. 4e s«e of n,efl,y,a,io„, a„d/or »y ofter 
modification of the gene or portion tliereof 

The term "mutated gene" refers to an allelic form of a gene tha, differs from the 

P--— ^°™-popu,ationAmu.atedgeneiscapableofa,teringtirephenotype„fa 
subjecthavingthemutatedgenerelativetoasubjecthavingthepredominantformofthe 
gene. If a subject must be homozygous for this mutation to have an altered phenotype the 
mutation is saidto be recessive. ,f one copy Of the mutated gene is sufficient to alter the 
Phenotypeofthesubjeot. the mutationissaid to be dominant. ,f a subject has one copy of 

^^Bencandhasaphenotypethatisintetmediatebetweenthatofahomozygousand 
0 ^^'"f^'-eterozygoussubjec.fforthatgeneXthemuta.ionissaidtobeco-dominan, 
As used hei^in, flie tenn "nucleic acid" refers to polynucleotides such as 
deoxyribonucleic acid (DNA). and. where appropriate, ribonucleic acid (RNA) The tenn 
should also be understood to include, as equivalents, derivatives, variants and analogs of 

either RNAor DNA made fromnucleotide analogs, and. as applicable to the embodLnt 
being described, single (sense or antiscnse) and double-stnmded polynucleotides 
Deoxyribonucleotides include deoxyadenosine. deoxycytidine. deoxyguanosine. and 

de„xythymidine.Forpu,posesofclarity.when referring herein toanucleoUdeofanucleic 
acid. Which can be DNA or an RNA. the terms "adenine", "cytidine". "guanine", and 

hym.di„e"an..or"A","C","0",and"nrespectively,a..used. Itis understood th^^ 
nucleic acid is RNA. a nucleotide having a uracil base is uridine 

inSE0.rNON""T''"~^°"''™"'^"*'""''^°'^ 
-mEQ,DNO:N refers to the nucleotide sequence of thecomplementaty strand ofanucleic 
acid strand havingSEQ ID NO:N. The teim-complementaiysnand" is used herein 
mterchangeablywiththetenn-complement". T.e complement ofanucleic^^^^ 
be the complement ofacoding strand or the complementofanon-codingsfrand. When 
-.fe^g to double stranded nucleicacids. the complementofanucleic acid ta^^^ 
N0 :N refers to the complementaiy strand of the stmnd having SEQ ,D NO:N or to any 
™c.cic acid having the nucleotide sequence of the complementaiy strand of SEQ ,D NO N 
When ..fenrng to a single stranded nucleic acid having the nucleotide sequence SEQ ,D ' 
NO:N. the complemem of this nucleic acid is a nucleic acid having a nucleotide sequence 
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which is complementary to that of SEQ ID NO-N Th , • 

A non-human animal" nffj, • • nerem. 

'e™ "Chimeric an™.,.. i,„3^,,^ /77'''='™''~-»<'«-^ 

...specific e„.o.„e„,.eJ.LT;„T;:lT""^^^ 

of the allelic fonns of THBSl or THB<i4 »y 
Th,, ™^^8ene sequence shown in Table 1 

The term "polymorphism" refer<! tn ti,« 
or;««ion«,ereo.Aponio„ofa,er:;:Ir"^^^ 

-..e.„,n.,e„«e.,nence:;ii:::;r'":."^ 

Polymon,l,ic locus can beasingle nucieoHd r ? 

ocu^canalsobe^oreflaanonenucleotidelong. Tie allelic fonn 
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™l .ypefo™. 0.hera,.eIicfo™sare.ypica,Mesig„a.edora.te™.Iveo.^ 

D.P o.d organises n,ay be homozygous or heterozygous for allelic forms. A dial.elic or 

b,allehepo,y„o,phismhasKvofo™s. A .rialleleic polymo:phism has th,« forms 

A "polymcphic gene" refers to a gene having at least one polymon^hic region 
The tenn "primer" as used he^in. refers to a single-sf^ded oligonucleotide which 

acts asapointofinitiation of template-directed DNA synthesis under appropriate conditions 
(e.g.. m the presence of four different nucleoside triphosphates and as agent for 

potymeriza.i„„,s„ehasDNAorRNAp„,ymeraseor.versetranscriptase)inanappropriate 
buffer and atasuitabletemperatu.. The lengthofaprimer may vary hut typicaliyranges 
fiom 5 to 30 nucleotides. A primer need not match the exact sequence of a template bu, 
must be sufficiently complementaty to hybridize with the template. 

^^'^"""Pri-rpair-referstoasetofprimersincludinganupsueamprimerthat 
hybnd.zesw,th the 3. endofthe complement of the DNA sequence to be amplified anda 
downstream primer that hybridizes with the 3' end of the sequence to be amplified 

The terms "protein", "polypeptide" and "peptide" are used interchangeably hctein 
when referring to a gene product. 

The term "recombinant protein" refers to a polypeptide which is pmduced by 

.oombinantDNA techniques. whe.inge„e.^ly,DNA encoding thepolypeptide is inserted 

ntoasunablecxp^ssion vector which is in turn usedtotransformahost cell to p^duce the 
heterologous protein. 

A "regulatoty element", also termed herein "regula.oty sequence" is intended to 
mclude elements which are capable of modulating tnmscription ftom a 5' upstteam 
regulatoty sequence, including, but not limited to a basic promoter, and include elements 

such asenhancers and silence,s.T^e term ..enhancer-.alsorefet^to herein as-enhancer 
element , .s mtended to include regulator elements capable of incteasing. stimulating or 

er*anc,„g .anscripti„nfroma5- upstream regulatoty element. includingab.^ 
The term stlencer", also referred to herein as "silencer element" is intended to include 
«8U.ato,y elements capable of decreasing, inhibitmg. or repressing transcription from a S' 
upstream .gulatoty element. inclu*„gabasicp..moter.Regu,a.o,y elements are typically 
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flanking «gio„s of genes. -^"'>'o^ events in 5' 

The term "regulatory element" fi.rri,^ 

' °--P-fe„Ua,„inaspecificce,,ifl;*' "'"'^"'^ expression 

*ane„„i„o«,.ee„^. 7'"""''^"'"'^^^^^^^^^ 
«-espeeifle.,u,.o,e,e™e„,s .^^a.r r - 
'.Pes.Furt,e™o.e,..,„,3,„^,,„;;^7^'™»'»wh^^^^ 

— -*->wHici.eons.«ve,;:i^~ 

*™e„, Which is inducible. . ' ^ " ~ " '^^^'-"'y 

----s.in..„sc.he,j::re:::r"-"'---^ 

-a,,pho.Mes,e..c.chcAMP,.MP,o„e;::c::r""''-°™^^^^ 

Regulatory elements are typically b 
•^nn • Wiption factor" is intended to incll 1'"""'"' ' ' ' 
in-actpreferentially^th specific nuc.eirr~°'™"""^°™-^-^^ 

-«ch in appt^pWate conditions stimulate : 

-acttye When they ate in theformoTal;; "^^^^^^^^ 

-ac.ivei„.hefo.rnofad.merc:nstirorV''~^^^ 

*~er, Modified fo,™soft.:::itr"~ 

r-..havi„gapos.a„s,afi„^„^,~^^^ 
l^eactivityofatt^scHp....^.^^ "^''-*"-chme„t 

modification. Porexample certain 7 ' ^ -"^ona, 

PHosphot^latedonspectfl^rr*'""'"""^^"^^"^ 

*-ofphospho..iated,.siduesa„:t::::!:rT"^ 

become tnacttvated by phospho,ylation.Aiis,„f 
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^o™.a„3crip«„„ facto, and their DNA binding .i^ean^,,^,^^ 
<.a.a.a...,„MA™xw.p,o„P_Bi„ai„,SiteP™«,eL^^^^^^^^ 

raetenn '-"S'e nudeotide pCy^otphisn," (SNP) ..fc to a poty^on^hic site 

rc;:r:;— — 

For example, wl,ere the reference allele contains the base "T-™ . 

^i.e, the altered allele cancon.ainaX»Midin,Gl . r^ 

polyn,on,hic site. " ^ a' 

SNP-s ntay occur in protein-coding nucleic acid sequences, in which case thev mav 

Srve rtse toadefec.iveorother.se var.antpro.ein,orgenetic disease SuchaTNpT 

raw may tnttoduce a stop codon (a "nonsense" SNP) WhenaSNPH 
*ean.„o acid sequence ofaprotein, the SNP is cailed "Silent .^l;r " 

ei.hers.randofa™BSlorTHBS4gen:. ' """'^ ~™ of 
Wection-meanstbeintroductionofanuceicacid 



-28- 



Atty. Docket No.: MMI-003 



10 



20 



25 



caseofanti-sense expression fro™ the .™sfen«, gene, .he expressionofananu.,,,. 
occumng form of the recombinant protein is disrupted. 

*^ term "transgene" refers .0 a nucleic acid sequence which has been 
eneUc.engr„eeredi„.oace„.naughtcrce,,sdeHvingfromaceUi„whiohatr.^^^^^^^ 

been.„,roduceda.a,sosaidtocont.n.het.»sgene(uniessi.hasbee„de,eted).r 
^s,eneca„encode,.,.,apo.,pep«de,ora„antisense.ra„.rfpt,par^^ 

— gous,.., foreign..„«.e.,.sge„ic animal orcen into whichitis introduced or is 
horn iogoustoanendogenousgeneofthetransgenicanimaiorcehintowhichitis 
.n^oduced, but Which is designed to be mserted, or is inserted, into the animal's genome in 
uchawa. as to alter the genome Of the celUnto Which i.isinserted(.,,,t is inserted 
^ca^onw„ehditfer.fromt.tofthenaturalgeneor.tsi„sertio„.su^^^ 

2-vel..a..^gene can also bepresentman episome. At™,sgenecani„cludeoe„r 
n.ore transcnpttona, regulator, sequence and an. other nucleic acid. intron), that 
benecessatyforoptimalexpressionofaselectednucleicacid 

he^ologcus nucleic acid mtroduced b. genetic engineering, such as b. transgenic 

.nd.rectlyby.ntroduct.„nin.„ap«cursorof.hecell,byway„fde,ibera.ege.,e.ic 
n.an,pulation,suchasb. microinjection or by infection witharecombinan. Virus The tent, 
g nettct^antpulationdoesnotincludeclassical cross-breeding, or... fe.^^^^^^^^ 
.*er.sd,rec,ed.otheintroductionofarecombinautnMAmo,ecule. ™smo,eo.dema"^ 
ntegratedw..h,„achromosome,oritma.beextmchromosoma,.yrep,icati„gDNAl„r 
.yp.ca,.ra„sge„icanimalsdescribedhe.in,thet.»sgeneoausescel,s.oexpLa 
l^ombinantfonnofoneofaprotein,., either agonistic or antagonistic forms. However 
.ansgemcantmalsinw^ 

xample, the PLP or CRE recombinasc dependent constructs descHbed below. Moreover 
^^gemcanimal-alsoincludesthoserecombinantanlma.^ 
~ enestscausedbyhtrntanlttte^^^^^^^ 
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The .e™ ...reaunenf. or ■ Wting" a. used herein, is defined as fte application or 
a^n.s.a.„nofad,e.peu.ieaee„..oas„bJecU„p,e.e„.a.„„of,if^^^^^^^^^ 

oh».es.nd,e.„renvi™n.enO,ad.inis«i„„of.edieatio.„.„fJ,.,,,.^^^ 
^.buno,™,,.„,,,„.^,^^^^,,,^^^_^^^^^^^^ 

*ereo o.s.,.ca, procedures such as pe.u.aneo...^s.un>i„a,e„.„a^,„o„„ 
ans-opas^(PTCA)or,aseransiop.as.,.defihri„a,„..i„^^^^^^^^ 

sur,^-n<erven.io, such as. for example, corona, bypass ,raftin,(CABG). or an/ 

on,h,na.on.hereof,orappuca«onorad„i„is„a.ionofau,erapeu.icagenuoanil^^^ 

ssueo,ce„h„e.„.asu,ec,wh„hasadiseaseordisorder,as^pLofd:I: 

^orapredispos.io„.owardadiseaseordisorder,...epu,ose.ocure,hea 

al.ev,a.e..„eve.a..e,re™edy.anae«ora.e. improve or affeche disease or disorder «,e 

«sof*ediseaseordisorder,or,hepredisposaio„,owarddisease.The„lr 

devrcesdescrihedin.he™e,hodsofd,einve„.o„ca„a,soheusedi„co„H„aJji;a 
™odua.orofTHBS, and/or rHBS4.enee.pres^^^^ 

activity. "Modulators of THBSl and/or THBS4 „.„ Polypeptide 
examole THR.:, ^ " ^^""''P'^^'"™." as used herein include, for 

example. THBS, and/or THBS4 nucleic acid molecules, a„,ise„seTHBS.and/orTHBS4 
v.e.cac.niolecu,es,ri.o.y.es,orasn,a^^ 

THBS4po,ypepude activity" include, for example. THBS, and/or raBS4-specific 
antibodies or THBSl and/or THBS4 proteins or polypeptides 

AS usedherein. the .nn -vector" refctoanucleicacid^oleculecapableof 
^po^ng or rephcating another nucieic acid to Which it has been linked. One type of 
p.f«r^vec.orisa„episonie,,..,a„uc,eicacidcapable„fextra-c.^^^^^^^ 

P..fe.ed vectors are those capableofautoncousreplicationanCorexpressionofnucleic' 

ac. stowMch^ey^linked. Vectorscapableofdirectingtheexpressilofgel 0^;^^^ 

*eyareope...,vely-,i„.eda,e,efe„edtoherei„as..expressio„vecto.... IngLa, 

e„v.to.„futi,ityin..con.binan,ONAtechni,uesareo«^^ 
.s™^s^whichrefer„ 

for^of vector. However, theinventionis intended to includesucho.herf„™sofex;,.ssio„ 
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™.o. Which .„ee,uwa,e„,fi„c.io„.»d Which become 



Polymorphisms of the Inventinn 

^er„BS,a„.THBS4ge„,whichdiff.fi„„^e.fe.„cese,.„eesse.f„„hinSEQ,0 
NOs:. »"respective.,.„ra,leas.apo„io„,he.of,havi„gapo«cregio„. The 
pr^tenei nucleic acid molecules of the present invention comprise THBSl and THBS4 

se„havi„goneorn,oreofthepo,„^^^ 

7. 8 9,10. . , ,2. or ,3). and those in linkage discuilibrium therewith. The invention 

^er comprises isolated nucleic acidmoleculescomplementa^tonucleicacidntolccuics 
comprtsmg the polymorphisms ofthe present invention. Nucleic acid molecules of the 

P^vention can mnction as probes orpHmers,..,, in methods for determining the 
allehcdentnyofaTHBSl or THBS4 polymorphic region. The nucleic acids of the 
.nve„t.onca^alsobeused,singly,orincombi„ation,t„d.^^^ 

n^ofdevelopingadiseaseassociated^thaspecific allelic variantofaTHB 
THBS4 polymon,hic region, e.,, a vascular disease or disorder. The nucleic acids of the 

mv^honcanfi^erheusedtoprepareorexpressTHBSl. 

--■^-"eles.suchasmu.antaUeles.SuchnuCeicaeidscanbeusedingenetherapy 
20 r2ep..<.escncodedbyspecificTHBSlorTHBS4.1eles.suchasmutantTHBSlor 

THBS4po,ypeptides. can also be used in the^py or for preparing reagents,.,., antibodies 
fordete«mgT«BS,orTHBS4pro.einse„codedbytheseal,eles. According^ such 
reagents can be used to detect mutant THBSl or THBS4 pt^teim 

25 id ./;t"'"""'^^'°""™°'''™™™^'"™S^«-«havebeen 
it!d ^;""""'°^----''--"-"-*antsaswellasthosei„ 
.nl.age.se<,u,hb„um Which can be identif,ed,..,.,accordi„g to the methods described 
here,„.L,nlcaged.set,ui,ibrium"rcfers to an association between specific alleles at 
-kcr loct w-thinaparticular population, in gene,^, linkage dise^uilbriumdecrea^ 
an mcr.asemphys.cal distance. Iflh^agediscuilbrium exists between two markers, then 
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*ege„o,ypici„fo™a.io„a.„ne™arkeroa„beused,„™^ep.dic«„„sato^^ 

ot the second marker. 

The invention also provides isolated nucleic acids comprising at leas, one 
po«c.gio„ofaTHBS, or THBS4 gene having a nucleotide sequence wUch differs 
fi»m flte reference nucleotide sequence set forth in SEQ ID NOs:l and 3. respectively 

Prefeed nucleic acids haveavarian, allele located in the codingr^on of fl,eTHBS,or 

THBS4 gene. Preferred nucleic acids can also haveapolymotphic region in anupsttean, 
regulatoiy element, an exon, or in the 3' UTR. 

The nucleic acid molecules of the invention can be single stnmded DNA (eg. an 

ohgonucleotide),doubles,™ndedDNA(e,.,doublest™,ded„lig„n„cleotide)orRNA 

Prefe.ed nucleic acid^oleculesofthe invention can be used as probes or Primers. Primers 
of the tnventton refer to nucleic acids which hybridize to a nucleic acid sequence which is 

adjacenttotheregionofinterestorwhichcoverstheregionofint^estandisextended As 

■hybridizes-isintendedtodeseribeconditionsforhybridizationand 
washmg under which nucleotide sequences that a. significantly identical or homologous to 
eachotherremainhybridizedtoeachother. Prefentbly. the conditions arc such that 
sequences atleas, about 70r., more preferably a,,eas.abou,SO»/.,evenmo.p.^^^^^^^ 
leastaboutSSo/oormidentical to each other remain hybridized to each other. Such 

smngentconditionsvaty according to the length of the htvolved nucleotide sequence but are 
^own to those skilled htdteartand can befound or detemtined based on teachings in 

(.995). sect,ons2,4and 6. Additional stringent conditions and fo^ulas for dete^ining 
sue con... 

Cold Spnng Harbor Press. Cold Spring Harbor, NY (1989). chapters 7, 9 and 1 1 A 

prcfeaed.non-lUnitingexa™pleofstringen,hybridiza,ion conditions for hybridsthatare a. 
leas, basepairs in lengft includes hybridizadon in 4X sodium chloride/sodium ci.ra.e (SSC) 
a. abou. 65-70»C (or hybridizaiion m 4X SSC plus 50% fonnamide a. about 42.50-C) ' 
followed by one or more washes in IX SSC. at abou, 65-70«C. A prefe„ed. non-.imi.ing 
example ofhighly stringent hybridization conditions for suchhybrids includes hybridization 
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in.XssC,a.ab„u.65.70X(orhybHdi.^^^ 

0 Qfo„owedbyo„eormorewa3hesi„0.3XSSC.a,abou.65-70»C. Aprefe^ed „o„- 
»n.eexa.p,e„f^ueedstri„ge„e.hybridi.,o„c„„di«o„s for such h.^ 
"-'n«SSC,a.abou.50-60X(ora..e™«ve.yh.bridi.^^^ 

0^fo„ea.abou.40-45=C)f„U„wedbyo„eor„orewasbe.i„2XSSC,aUl„. 
60 C. Ranges inte^ediate ,o fte above-recited value, e.,.. a, 65-70"C or a. 42-50"C are 

^»^,a„'',5™^^,„d,un,c.«e)i„*ehybridiza.io„a„dwashbuffers;washesare 
perfonnedfor 15 minutes each after hybridization is complete. 

The hybridization temperature for hybrids anticipated to he less than 50 base pairs in 
egth should be S-iO-Ciessthan thenteitingtempetature CT^ofthehybrid, whet^T i 
detet^tned according to the following equations. For hybrids iess than ,8base pairs i: 
-*.T.CC) = .(*of..Xhases).4(.ofG.Chases, Por hybrids be. J , 3 1 

basepat.,nlength,T„(«C) = 8,.5.,a.6(log,,fNa-B.0.4,r/^,.(,00/N,,whereNis 
hen be.o,,,.,,,„^,,^,,,^^^^^,^_^^^^___^^^_^^^^^^^ 

hybnd,.tto„ buffer (tNa1forIxSSC = 0.,65M).„„i„ also berecognized by the skilled 
practtttonert^t additional ..agentsmaybeadded,ohybrMizat,onand,orwash buffe" 
d«^no„-speci«chybHdiza«onof„uc,eicacidmo,eculestomembranes.fore.^^^^ 

.salmonor e^gspermcart^e^ 

0.25.0.5MNaH.PO,,7%SDS at about 65=C, followed by one ormore washes at0.02M 
»i.iyyi-1995, (or alternatively 0.2X SSC, 1% SDS). 

teeth ^rT"''"'"'"'"""'^'""'"^~""=*°''-"^™«-^-ed 
.og*er wtthatleastoneother printer or probe inadetec.ionme.hod.Pri™e.ca„ also be 
u.dtoan.pli,yat,ea.tapor.ionofanucleicacid.Probes„fthei„venti„n..fer.o„u:et 
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acids whichh,bridi.e.„,he.gio„„fi„..,,„<,^,,^„„,^^^^^,^_^^^ 

HBS or THBS4 gene, and wh,ch by hybridi^tion or absence of hybridization ,o 4e DNA 

variantofthepolymorplucregionoftheTHBSl orTHBS4gene 

N_ procedures for detennining fte nucleotide sequence of a nuCeic acid 
.oeeuieorforde.erntiningti.epresenceofn,u.tio„s.„nue,eicac.^ 
uIe.ac.da.p,i«eations.ep,„.cbcanbecarriedou.by..,,p^^^^^^^^ 
PCR). - -^■'«'y-oneen,bodi„e„,,U,einventionprovidesprin,ersforan,pti,yi„g 

: ::frT;°'™"^""^'^""^'""--^-^ 

HBSl o THBS4 gene w,., be amplified .o. detect which a„e,ic variant, if any of a 
PoiymotphtcregionispreseufntheTHBS, or THBS4 gene of a subject P.feZler 
co„. u,eo..ese,_^ 
THB^4poiyn,o,ph.^ 

-THBS gencoracontbinationthereof In a preferred e^bodi^ent, the primer a 

- ybr.d..su„ders.ri„genteondi.ionstoabout..MO.or..prefe.^^^ 

Mr75eonsecutivenuc,eotidesofa™BS.or™BS4gene. In an even „ore pref „ed 
e.. ™e„..theprin.erisca^^^ 

^^^cecontp,e„.t3.he,eo,an.^ 

*er-f. For exan,p,e.pr,»ersco™prisi„ga„uc,eotide sequence of at .east ab„ut:5 

con^eeutivenuc,eo.ides.atieastabout25 nucleotides or having fro„about,5.o about 20 
nucieotidesse.forthinanyofSEQ,DNOs:5.6.7 8 9 ,0 U ,2 or n 

.e.of.pro.dedby.heinven,io„.P_hav,:ga;:r^^^^^ 
gene. '^'""'^'='**"™P'"y'»S^a'hoftheexonsofaTHBSl orTHBS4 

■'""--"''--P'-en.a.ytonuc.eotidesequencesloca.edciose.oeacho.heror 
«.erapart,dependingon.heuseof.hea.ptif.edDNA.Porexantp,e,printersca„r 



15 



20 



30 



" ^4 - Atty. Docket No. : MMI-OOS 

Chosen such ,ha„he,™p,ifyONAfeg„,e„.s Of a. leastaboutlOnucleotidesoras^ucha 

THBS.o.THB4n.,eo«dese,ue„ces.oca.dabou.,50,oa^u.3S0„.^^^^^^^^^ 

^"™P-'^»^^"-.apo„io„ofa„uc,eicao,d,afonvardpri™erae.. S^pri^er) 

» ™p„..a.,3.p..e,w.„p.f„a«..eu.d. Pon™. and 1 e p 
.b„d.e.oco™p,e„e„.a^.^,,„,,,„„,,^^^^_^^^^^^^ 

ex,ens.o„.„„eaohpri..,ado„b,es.a„ded„uc,eieacidisa™p.«ed.AW;^^^^ 
.oa„uc,eo„desecue„cesh„™i„Tab,eUSEQ,DNOs:5.6.7.S,9,0 U >2 o.T 

ft^ha.a„„,eo.,de sequence Which is oapab,eofh,bHdi.„,,oa™ 

. 11, 12, or 13). Such pnmers can be used 

^.^..nsequencespecificoligonucleotideprimingasdescribedflmherhc^in ' ' 

arecapab?i;rb7~"^^''"*^"^"^"*"— --'^'-^'^-''.ch 
ar c pabie of hybnd.z,ng .o *e reference sequence of a THBSl or THBS4 gene .hereby 

:r:r^""""-^"^'-^---"-----eeofa:^^ 

diieie or an allelic variant in a THBS 1 or trrq^ o . 

. a iMiJbl or THBS4 genes. Such primers can be used in 

THBS4 genes can be used inco™binaUo„.TT,e sequences ofprin>e.specificfor«,e 

rfi:::::^""""^""^"™^' "™«^^-----pp-.oo„e 

;''^™«SIorTHBS4„ucleicacidsoffteinve„.ioncanalsobe„sedasprobes 
...nd,erapeu.icandd.agnos«ca3says.Porins.ance..eprese„,™,o^ 
P~be.n,p„s.„gasubs«iai,,p„ri«.,„„,_^^^^^^ 

..onhav.„ganuc,eo.dese,ue„cetha.scapab,eofh.bridizi„g«.„a~ 
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aTHBS,o.T„BS4senewhichlsp„,^„^i,(SEQIDN0.5,6.,,^ „ „ „ 

nudeo«de sequence which diffe. from fte nucleotide ' ' 

5 and^s,,^ u "''™*°"''"«H'encesetrorthinSEQIDNOsl 

71 : ''™'^""*'"^"^^'°^-'«^'^<'-c.whicha„ehcv.ian,!fa 

polymorphic region of a THBS 1 or „ • 

region can he located in *e3 Z^Zr'^'''^^™''"^™''^^^^ 

•0 su.cie„:::r™r:"T™^^^ 

--~ewh.ch.sp_.,„asho„e,^^el„,o;rp!Cr" 

e^«»P.e ap hehavin,anuc,eo.de.,uenceo.ahou..O„ucLe: J~ 

thereto, „h,ch, e.,.. ,s capable of being detected, e.g. the label group is selected fron, 
an^ongstradiois u_„._^^,^^^^^^^ 

™«,rj::::r:r'z:r"'*""'"""""''------ 
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Lema„re i987,/..„c. Na„. Acad. Sci. 84-648-652- PCTP K,- 

published December 15 1988) hvbrid' ,• ^088/09810. 
al 1988 AV,r . . ' (^^^^ 

v--j«;:::,e!::r^^ 

The isolated nucleic acid comprising a THBSl or THR^d • . • 

«ea,,e..o„e™«edbase«ehJl™^^ 

not limited to 5-fluorouracil 5 ^""^ 

"6 isopentenylademne, 1-methylguanine, I -methylinosine 2 2 , ■ 

^^^^^^^ 

Pbosphrj'r''™'"'^™"'''^ ^""■'^--•'--mcdifled 
Phospha.ebac,cbone.,ectedl™m,heg.upco.i.i„gofaph„sphotothioa.e a 
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1987, Nucl. Acids Res. 15:6625-6641) Th. n." , 
„,.th I u . ^' oligonucleotide is a 2'-0- 

methylnbonucleotide(Inoueerfl/ 1QR7 a/ , . . 

Cold Spring Harbor, N. Y For examole I ' ' ^'"""'"^ 

the Polymerase Chain Reaction (PCR, usin 

Oligonucleotides of " 

--^.^.u.o;:ar:;::r::r^^^^^^^^ 

f-B,osearch,App„edBiosys,e.sc,c r t 

»a..s..esi.d...en,eLo;:r<rr:tr"^^^^^^^^ 
me<hylpl,ospho„a,eoligo„ucIeo,id.. k 16:3209), 

ieas.apo.onof*e™;s ^r"'-*^ 

i-„tionprovi,esvecJil™ "T""''''^'"^^-'«-'-n-hus,.^^ 

varia„.sof.eH™an™ ^ ™ 

or 1HBS4 gene reference, as well as oth.r .1. i- 

con,pr,s,„ganuc,eo,idese,ue„cewhichisdiffere„.ftoJ,ti, ' " 

in Gn25837«andGn49,«46, respectively re!r, ^^^^" ^^"^^^ 
e^aryoticcelis,.,, cells of a su J., „a!^: ^ ~ 

'noneen,bodi™e„,ftevec„ro»n ^^'"•"''"'"°'^°•^"^"^■ 
al.eleisi„n.,ueedi,,,oahsc^ r "'''°*"''''™^''"™^^ 

.oproduceTL,~rp:; 

ponionofaTHBSlor^s? 

' or ™bS4 gene a,, also witi,i„ fte scope of fte invention. 
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Polypeptides of fh^in^^^njj^n 

™BSp„,e,„sWbee„ deduced. T^eraBSIgeneencodesaUrOa^inoa^^^ 

.0 G3 fo'r™: ""^^^^^^^^^^ «34u4o..e™BS„e„ea„dG355.a„d 

oftheTHBSl 8»« are s,le„, variants, and G33al 8 and G334k2 of the THBS< „ . 
T.C06562^oftheTHBS4,enearenon-codingvariants ' ™"^' 

15 othe '"°r'"''°*™"'''''^™'''°'™''''°'^'-^«^--'-'-edfr„„.or 
:^7'^~'^"^"^°*--''"'--«--H.tern,..s„Bs.antiany^ 

or punfied preparafons" are defined as encompassing prepa^tions of THBSl or THBS4 
P^W.<iesWin,,esst.ana.out20M..<^ 

~'yW.n,,esstHanabout5»/.conta.inatinsp,otein. .t wiiUe a^precia ed L 

20 -^--i Wofthesn,ec.po,^p,desca„beprepared,forthefi.tIe asp^^ed 
Ptepat^ttons by using a cloned gene as descHbed herein 

Which isT"r''°"™'' -.-nee 
2^ - .eastabout60%,70..,S0..,.5%.90r.,or95./,iden.ica.orho.„,og^^^^^^ 
~~--Q-N0s.„r4,.spec.ive,, Even .ore preferred XHBS ,o 

;~cacidsco.p„s.nga.^i..eleof:.^^^^^^^^ 

ucle.cac.dwh.ohc„„pnsesase<,uence„hiehisa.,east85«/.ho„o,og„usa„d™„,e 
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preferably 90% homologous and most preferably 95 % homni 
sequencesetfonhinSEQIDNOsIorsJ^^^ '^^^ 
-..ers.or„..3etL.I;^^ 

nuclelcac.comp.s.,ase._Lj:^:^^^^^ 
5 sequence of SEQ ID NOs l or 1»nH ■ """^^ h»"ologous with the 

or lHBS4protem of the appended sequence listing Th . 
— ■---°-*Po«esHa.„,a„,„..,3e,ue„ces 
THBS4p„3 Which are^ve, for exa„,p,e,.,e„„,.„.«,„„^^^^^^^^^^^ 

acids m length of THBSl or . • ' ' . /3 and 100, ammo 

encoding such peptide! I 

Moc or ,-Boc chemi.,„ For , ^''^ f- 

Prese„tinve„.i„:r:el. T^ 

ofthet^enlZLtrr: "'"'^^"^"'^""^^''^^ 
..en^eanhe^ro:::—^^ - 
those peptides or polypeptides which can , '^"'"^ 

..pe.,,..norn,.;4^s;™:p:r^^^^^^ 
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'"^»-'.P^P«<'esandp„,,pepade3«fe„«,.ohe.i„ashavi„ganac,ivi^ 
b.„ac.ve,„faTHBS,„.™BS4p„.ei„a.defi„edaspep«esa„dpo,.pep^^^^^^^^^^ 

^.se„n„™«o.apepUde„.po«...o,o,eaUo..^ 
an.ago™s.ofa„am.,ty.oecu™gfo™„faTHBS,orTHBS4pr„,ei„ 

AssaysfordetenniningwhefteraTHBSl or THBS4 protein or variant thereof has 
one or mote bioJogical activities a., wel, known i„ fl,e art. 
Other p^fe^d p,„„i„, „f ^ ^^^^ 

^^.n*^sect.o„per..ni„g.o™e,eieaeidsof^ 

P»v,desft,s,onprote,ns,.,., THBSi- or T„BS4-i™munogiobu.in iUsionp^teins Such 
^s,onpr„te.. can provide,.,, enhanecdstabiiit, and s^inbiiityofTHBS, or THB 
~a„d™a.thusbensefU,ht.he,.p, P„3io„p..ei„sca„a,sobeusedtoproduc a^ 
.»n.™ogen,cfl.g,„entofaTHBS, or ™bS4 pro.e.n. For example, the VP6 ^sid potein 
f~c». sedasa„_„o,ogicca„ierpr^^^^^ 

raBS4pol3,pept,de,citherin.hcmonon,cricfo,n,orinthefonn„favira,partic,e The 
nuc,e,cacidse,„ences cotresponding to the portion ofasubjectT^S. or THBS40 
wb.hanti.diesaretobe.sedcanbei„co„i„.oaLonJ^^^^^^ 

ludeseodrngse^nencesforaiate vaccinia virnsstructut^proteintoprodnceaJ^^^ 
recomb,„an,v™ses expressing fttsion proteins comprising THBS, or THBS4 epitopes as 

u..h,ng he HepattttsBsurface antigen fi^sionproteinstta, recombinant HepatitisBvirions 
2^eut.h.dinthis..,easwe„. Simiiar,, ch.meric construes coding forLn pTZ 

Pub,,ct.onNo:0259:49;andEvans..,a989)W.339.85;Huang.„,(,Js) 
J- V.ro,. 62:3855; and Schlienger « a,. (,992)^ Viro, 66-2) 



25 



30 



" ^ " • Docket No. : MMl-003 

generate an .mn,unogen, wherein a desired portion of a THBSl or THR<=. 

~ean...e„andp.j.::::::~^ 

THBs;:::;r!:re!:'r"— 
'-~a.;::~~^^ 

•0 Prceins can be easily purified a f "''""^ ^°'^-«"'™> Such GST-feion 

Wiley & Sons, 1991)) and u«d . ^"'"^'^^'"'"^y- eds. Ausubel (N.Y.: John 
po,ypep«des. "^^^ ^'^^P-^fied THBS, or™BS4 

--orce,ic~r::::r:~"r " 

P0W.de can be isolated fron^cel, cull r'''""'™"''"™^^^ 
-™ri„.eart.orpnri.i„,proj;::rd: -^^^^ 

chromatography ultrafilh^ri.„ , . * " '"'"'^«"'"°™">8raphy, gel fila«i„„ 
antibodiesZficrT ' '"''^^ 

™s4poiy:; et2::;:'"'^^^^^^^^ 

bioiogicalactivitiesofZr 
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Homologs of each of the subject THBSI or THR<5^ . • 

A..en««vdy, antagonize fonns of r '^'' *""*^^ 

p-.w..a...a„..„,2ri^^^^^^^^ 

Modification of the structure of the subject THBSI or THBS4 . 
a..eas.o„eac..U.of*.nan„.;^J,;:l^^^^^^^^^ 

antagonists thet^of, are conside Jtac ' " '° """"^ ^'"'"'^ 

po«es.seH..in:;e:ir^^^^ 

~,..a.i„oaoiasu.s«,ution.j: ::ri^^^^^ 
a-.«.eons.e...o.i.o.s.st;:r:2:r— 
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F"--P'e.i.isreaso„abktoexpec,fta.a„is„,a,ed,^lacen,e„,ofaleuci„ewith 

an .soleucme or valine, an aspartate wiftag,u.ama,e.afl„.o„i„e„i*aseri„e.orastoi,ar 
|.p.acemen. of an anuno acid with a ^cturally related anrino add (U.. isosteric and/or 

.soelec«cn,utati„ns,wi„„o.i,avea™ajoreffectonthebio,ogica.aetivi^„ffteresu,ti„g 

n>oeeu.e.Co„serva«verep.ace™e„tsare«,osetha..a.cep,aeewithinaf^^ 

Utat^e reared in their side Chains. Gene^caUyencodedatninoaeidsean be div^ 

fanr,..es:(,)acidic = aspam.e.g,u,a™ate;(2)basic.„si„e.arginine,his.idi„e;(3)„onpoiar 
alantne, vahne, iencine. isoleuoine. proline, phenylalanine, methionine, t^ptophan; and (4) 
unc arged polar = glycne, asparagine. glutanttne, cysteine, serine, threonine, tyrosine In 

.nnlar fashion, the anttnoacidrepertoire can be gro„pedas(,)acidie = asparta.,g^^^^^ 
(2) baste = .ysu,e. arginine histidine. (3) aliphatic = glycine, alanine, valine, leucine 
■soleucine. serine, threonine, with serine and threonine optionally be grouped separ^ly as 
ahphattc-hydroxyl; (4) arontatic = phenylalanine, tyrosine, tryptophan; (5) antide = 
asparagine. glu,an,ine; and (6) sulto -conmi„ing = cysteine »d methionine, (see for 
example.Biochenris..y.2"ed..Ed.byL.Stryer.WHF,ee„,anandCo.: ,981). Whether a 
change .„ the amino acid sequence of a peptide results in a fltnctional THBSl or THBS4 

homolog(..,.,flmetional in the sense that the resultmg polypeptide mimics or antagonizes 

*ew.d.typefonn)can be readily detetmined by assessing the ability of the variant peptide 

.oproducearesponse in cells inafashion similar to the wild-type protein, or compettttvely 

.nhtbttsucharesponse. Polypeptides in whichmoreUtan one placemen, has ta^enplace 
can readtly be tested in the same manner. 



Methods 

'^'■^-^'''""fi^kerprovidespredictivemedicinemethods.whicharcbaseda. 
least m pan. on the discovery of THBSl or THBS4 polymorphic regions which are 
associated with spec.fic physiological states and/or diseases or disorders, e.g.. vascular 
dtseasesordisorderssuchasCADandMI. These methods can be used alone orin 
combination with other ptedictive medicme metirods. including the identification and 
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analysisofJo^ownriskfactorsassociatedwithvasculardisease e. , ■ 
as,for example, obesity.diabetes, and fa^nyhi.^^^^ 
For example, information obtained ii<!,no tu^A- 

a subject has an allele of a "^""'"^ " 'ha. 

ordls„..e..,!lt7"°''":.'^^'™*«^^'--^^^^^ 

nucleo.,aep„.,,o.s53..,3350.,JC^^^^^^^ 
-o..,eo«e.s...o. ,03.0, U.l';:::;; 3^^^^^^^^^ 

::r:rZi:r:^'"^— 

gene,ica„a,ysis., ,e:nT 7 ' 
3»e.ea:«:r: — ^^^^ 

.-.e.-r::e::;-^^^^^^^^^^^ 

limited to. adminis6^«o„;f „ H- »<« 
a^pe^cula^eous^rZar 

any co™b,na.io„ teof and use of su ■ , "'^ P-™ake, and 
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coronas revascuia,i.,i„n.apaoe.ai.er.a„d any combination fte«„f.Me^ 

IHBSl or THBS4 polypeptide activity. 

Altemativeiy. the info^ation. singly, o, preferably, in combination with 

otfo™at,onofanotherge„eticdefectwhichcontribntes.„.besan.edi3ease,.,,avascular 
d.ease„rd.sorder,ca„beuscdpr„g„„.ieal,yf„rpredic«n.whethera„o„-sy^^^^^^^^^^^ 
ub.ect.s c,ytodeve,opadi.a.e„rc„„ditio„ Chichi, as.^^^^^^ 

spec.fica„e,esofTHBS,orTHBS4po,y™o.phic.gionsi„asubiec..BasedonJ 

described above. 

'-^^'""".'"ow.edgeoftheidentityofoneor^oreparticularTHBS. or™BS4 
alleles in a subject (the THBS I or TmiA ^ or i mb-,4 

alldesatn , ,H °'™^'''8enet.c profile), preferably, one or more of fl,e 

... s „o.. e posttions 55322, 53502, «793, 5S445. 52861. and/or 4,556 of SEQ lo 
NO. lanc.ornucleot.dc positions 105290, 1.8019, and/or 89835 of SEQ ,D NO. or Ac 
compleme„..hereof,allowscus.omi..i„„offt.„hcrdiagnosticcva.ua.Lja':I^^ 
cou,. Of the^pyforapanicniar disease. For examplcasubjecfsTHBSl or THBst 

e. h e dcr: 1) 'o ntorc e«ic.ently and cost-effectively identity means for J 

^^aosttcevaluatton, including, butnot limited to.lUrther genetic ..ysi, familial hea.1 
h^stotyanalyst^oruseofvascular imaging devicesorpr„cedurcs;2)t„mo,eeff^^^^^^^^ 
p..„^ad^thatwi,,address.hemo,ecularbasisofthediseaseoreo„diti„.3);l 

fficte yan cost-effectively identity an appropriate Clinical course of thetapy,inldir 
.^,.m,.ed.o,,ifestyle Changes, medications. st^gicalornon-surgtcalmeLdev^^r 
J. rnon-surgtcalint^entionorptocedutes, or any combination there„,and4)to ■ 
«^det«™,„e.heappropriatedosagcofapa„icu,ardn,g„rdurationofapa..cu.arcL 
ofCntCthetapy. For example, the expression level of THBS 1 or rHBS4 rotei„s IT 

rmcon^nctlonwiththeexptession level ofothergenes..ownt„con.Hbu.Lthesr 
..easccanbemeast^dinm^ysubjectsatvariousstagesofthediseasetogene"; 
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marketed dru T , ^"^"'^^ " *^ -"-'-ing of 

— dn,gs.™ed.oa. device, and su,gica,p^ed™.3fo.„. in „^ 

™e.ando..e.n,ed,„dsa.deseH^dina^.de.aiU„*efon„„in.J„n. 
5^5S2osticandDiag^ 

» Tit:::"""'"--'---''-------.-.. 

THBS4ge„e. " " *^ ^ "~reg„Ia,o,y element of ftelHB SI or 
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The invention provides methods for determining u .u 
-gionofaTHBSlorTHBS4ge„e Such.' ' "^'""'^■"OT.hic 
Analysis of one or more THBS 1 or THR^d r. i 

In preferred embodiments, the methods nfth • 

specific alleUc variant of one or n,„. , P"-"^^"" "absence of a 

-e.c..e.ncesca„Jr:r;:f^^^^^^^^^ 

-e.„ce..e„™..o;::::::::^^^^^ ^">^ 
-a....— 

■he polymo,phic region In a nrefen.<v) . ' °' "■''"'■"l 

o-.-...jfica,;:cr:rja:::""^^^^^^^^ 

"chip". Oligonucleotides can be h " ^ <"—PPor.. a 

-.ap.. .ore.a.;::r:::;::^^^^^^^^ 

Affymetrix). Mutation def..f , oligonucleotides (GeneChip, 

:r.o..^Cr:Z ^'-«)H™a„M„.,ion 

pow.gionofaZrtirr""""""'-'^"^---- 

-idandh^BrrdizationtoLspecLtr ; 
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In other detection methods, it i. necessary to first amplify at least a portion of a 
THBSl or THBS4 gene prior to idemitying the allelic variant. Amplification can be 
performed, e.g.. by PGR and/or LCR (see Wu and Wallace. (1989) Genomics 4-560) 
according to methods kno^™ in the art. ,„ one embodiment, genomic DNA of a cell is 
5 exposed to two PCR primers and amplification for a number of cycles suffleient to produce 
therequiredamountofamplifiedDNA. In p.efe,red embodhnents. the primers are located 
between 1 50 and 350 base pairs apart. 

Alternative amplification methods include: self sustained sequence repHcation 
(Guatelli. J.C. e, a,., ,990. Proc. Na„. Acad. Sc, USA 87:1874-1878). transcriptional 
amphf,catio„system(Kwoh.D.Y.«a/.. m9. Proc. Na,l Acad. Sc,. £/« 86 1 173-1 .77) 
Q-Beta Replicase (Lizardi. P.M. e, al, 1988. Bio^ecHnology 6: 1 , 97). and self-sustained ' 
sequence replication (G„.„« e, al. (1,89) Proc. Ma, AcaC. SC. 87:1 874). and nucleic acid 
based sequence amplificatron (NABSA). or any other nucleic acid amplification method 
followed by the detectron of the amplified molecules using techniques well Known to th-ise 
of slcrll in the a«. TTrese detection schemes are especially usefir. for the detection of nucleic 
acd molecules if such molecules are present in ve^ low numbers. 

In one embodiment, any of a variety of sequencing reactions known in the art can be 
used to drrectly sequence at least a poriion of a THBSI or THBS4 gene and detect allelic 
varrants..^., "-"Mons. by comparing the sequence of the sample sequence with Are 
co^csponding reference (control) sequence. Exemplary sequencing reactions include those 
based on techniques developed by Maxam and Gilbert (Proc. NaaAcadSc, USA (1977) 
74:560) or Sanger (Sanger e, al. (1 977) Proc. Na,. Acad Sci 74:5463). It is also 
contemplated that any of a variety of automated sequencing p^cedures may be utilized when 
perfonnmg the subject assays (Bio,ecH„i,ues (1995) 19:448), including sequencing by mass 
25 spectromety (see, for example, U.S. Patent No. 5.547.835 and intcnrational patent 
application Publication Number WO 94/16101, entitled DNA Sectuendngby Mass 
Spec.romc,ry by H. K«ster; U.S. Paten. No. 5,547.835 and inten^tional patent application 
Pubhcation Number WO 94/2,822 entitled "DNA Sequencing by Mass Spectrometiy Via 
Exonuclease Degradation" by H. KSster). and U.S Paten. No.5.605.798 and Intemational 
Patem Application No. PCT/US96/0365. entitled i,AO<i,/.^„<,.„-,,,,„,,^„„^„„ 
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Spectrometry by H. Koster; Cohen et al 0996) Ad. ru 

bases need Bade.™.™ 

^ -o^.o„e„.eor:r~L::::r'"^--^ 
»«ed^:rr::r""°*^'""^^^^ 

<.Me.sueHj;~:r7^"'""""^^^^^^-^^^^^^^ 
-p.es^ds.pCrrx:dT"^^^^^^ 

^"0^—:::— ^^^^^^^^ 

b.sizeo„de.~.ltlrr"'^ 
nuc,e.eac,dsWeJ:!:^Xf'""^'^'>^*^^ 

^«-,.See,f„.eJZt; ^""""''"-^^^^ 

.orexamp,e.C„..n«./.098S,^™..;V.;..<,.,,,^,^,3^,3,,^ 



- 50 - Atty. Docket No. : MMI-003 



e<an,^2,Me.Ho^E„^„o,. 2,7:286-295. h a p.fe„^ embodtaen^ fte control or 
sample nucleic acid is labeled for detection. 

In another embodiment, an allelic variant can be identified by denaturing high- 
perfo^ance li,uid chromatography (DHPLC) (Oefner and Underbill, (,995)^«. J. „un,a„ 

^»57:Suppl.A266). ^HPLC uses reve.e-pbase ion-pairing chromatography to detect the 
heteroduplexes that aregenerated during amphficationofPCRfiagmentsfl.m individuals 
who ar. heterozygous a. a particular nucleotide locus within that fragment (Oefner and 

Underhill(1995)^„.^^„„,„G.„.57:Suppl.A266, In genera,, PCR products are 
P-;-''-"8PCRprimersflank,„gtheDNAofi„teres..DHPLCana,ysisiscarriedout 
andthercsul.i„gchromatogramsa,.ana,y^edtoidentifybasepaira,teration.orde,e,ions 
based on specific chromatographic profiles (see O^Donovan e. a,. (,998) Ge,.„ics 52:44- 

In other embodiments, a,.era.ions in eiectrophoretic mobihty is used to identify the 
-°"HBS,orTHBS4a„e,icvar.ant.Porexampl,singles.randconfo™ation 
poymo^hism(SSCP)maybeusedtodetec.difre.ncesinelectrophoreticmobi,itybetween 
mutant and wild type nuc,eicacids(Oritae, a/. (,989)P.<,c A..,, 86-2766- 
seea.oCo„on(,993)«„,....285:,25-,44:a„dHayashi(,992)G.««^ 
9:73- 9). Smgle-stranded DNA fragments of sample and control nuCeic acids are denatured 

"""^-edtorenaturcThesecondarystrucmreofsingle-strandednucleicacidsvarics 
accordmg to sequence, the resulting alteration in eiectrophoretic mobility enables the 

etectionof evenasingle base Change. ,T,eDNAfragmentsmaybe,abe,ed or detected with 
^bded probes. The sensitivity of the assay may be enhanced by using RNA (rather than 
DNA), m Which the secondary structure is more sensitive to a change in sequence ,n 
-°'';-P-^-''embodiment.thesubJectmethodutili.eshete,.dup,ex^^^^ 

doub,estrandedhete,od„p,exmolecules„„thebasisofchangesinelec.n,phore.icmobi,ity 
(Keen et al. (1991) Trends Genet 7:5). 

'"^J'-"*— bodiment,theide„,ityofanal,e,icvariantofapolymo.phicregion 
.sob.,ned by analyzing themovementofanucleic acid comprising the polymorphicgion 
m polyaco^lamide gels containing a g^lient of d^aturant is assayed using denaturing 

g«d.entgelelectrophoresis(DGGE)(Myers.,./. (1985) A'a,^.. 313:495). WhenDGGEis 
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used as fte n,e.hod of analysis. DNA wi„ be modifled .„ tasu,. ,ha. i, does no. completely 
denature, for example by adding a GC clamp of app«tely 40 bp of high-melting GC- 
rich DNA by PGR. In a toher embodiment, a .empe^ture gradient is used in place of a 
denaturing agent gradient to identify differences in the mobility of control and sample DNA 
5 (Rosenbaum and Reissner (1987) Biophys Chem 265:1275). 

Examples of techniques for detecting differences of at leas, one nucleotide between 
2 nucleic adds include, but are no. limited to. selective oligonucleotide hybridization 

selective amplification, or selective primer extension. For example, oligonucleotideprobes 
may be p^pared in which the known polymorphic nucleotide is placed centnUIy (allele- 
specfic probes) and then hybridized to target DNA under conditions which permit 
hybndi^tion only ifaperfec. match is f„und(Sa^^ 

(1989)P™c. NatlAcaa. Sci USA 86:6230; and Wallace..^/. (,979)^„c/. Aads Res 
6:3543). Such allele specific oligonucleotide hybridization techniques may be used for the 
^'-^-o-'i-ctionofseveralnucleotidechangesindifferentpo.ylmorphic.eg^^^^ 
THBSl orTHBS4. For example, oligonucleotides havmg nucleotide sequences of specific 
allehc variants are attached toahybridizing membrane and this membrane is thenhybridized 
wtth labeled sample nucleic acid. Analysis of the hybridization signal will a,en «veal the 
Identity of the nucleotides of the sample nucleic acid. 

Alternatively, allele specific amplification technology which depends on selective 
PGR amplification may be used in conjunction with the instant invention. Oligonucleotides 

used as primers for specificamphfication may cany the allelic variantofinterest in the 
center of the molecule (so that amplification depends on diffetential hybridization) (Gibbs « 
ai 0 989) NuMc AcMs Res. 1 7:2437-2448) or a, the extreme 3^ end of one primer where 
under appropriate conditions, mismatch can ptevent. or reduce polymerase extension 
(Prossner(1993)7V*«cA n..238; Newton.,.,. (19,9) Nuei Aeids Res. 172503) This 
t^hnique is also termed "PROBE" for Probe Oligo Base Extension. In addition it may be 
desnable to intioduce a novel restriction site in the region of the mutation to create cleavage- 
based detection (Gasparini el al. (1992) Mol Cell Probes 6:1). 

In another embodiment, identification of fl,e allelic variant is carried out using an 
ohgonucleotide ligation assay (OLA), as described, e.,.. in US. Patent No. 4,998.617 and in 
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Landegren. U. e, ai, (,988) Science 24,:,077-1080. The OLA protocol >^ nvo 

ohgo„„cIeo.ides which are designed to be capable ofhybridizi„g,o abutting sequences „^ 
™g,e strand ofatarget. One of the oligonucleotides is linked to a separation marker eg 
b.„t.nylated. and the other is detectably labeled. ,f .he precise con,pieme„.ary sequence il 
found m a targe, molecule, the oligonucieotides will hybridize such ftat their tennini abut 
andcreatealigationsubstrate. Ligadon then permits the labeled oligonucleotide ,„ be 

r=cove.dusi„gavidin.„ran„,herbioti„ligand.Nickerson.D.A.«..havedescribeda 
nuc,e,c acid detection assay tha, combines attributes of PCR and OLA (Nickerson DA., 
al (mO)Proc Nan. Acad. Sc, (U.S.AJ 87:8923-8927. In this method, PCR is uled to ' 
Q achteve the exponential amplification oftargetDNA. which is then detected using OLA 

several techniques based on Ms OLA method have been developed and can be used 
to detect specific allelic variants of a polymorphic region of a THBSl or THBS4 gene For 

example,U.S.Patent No. 5593826disc,osesanOLA using anoligonucleotide having 
3 -ammo group and a 5--phospho,ylated oligonucleotide ,„ form a conjugate having a 
' Phosphoramidate linkage. In another variation of OLA described in Tobe ((,996) 
^^OetcAci^ Res 24: 3728). OLA combined with PCR pe™„s typing of two alleles in a 
smgle microtiter well. By marking each of .he allele-specific prime, wi* a unique hapten 

... .goxigenin and fluorescein. eachOLA reaction can be detects, by using hapten specific 
ant,bod,es tha. are labeled with different enzyme reporters, alkaline phosphatase or 
horseradish peroxidase. This system permits fte de.ec,ion of ,he two alleles using a high 
throughput fon^at tha. leads to the production of two different colors. 

The invention further provides methods for detecting single nucleotide 
polymon,hismsi„aTHBSl orTHBS4gene. Because single nucleotide polymo^hisms 

constttute sites ofvariationnanked by regions ofinvariant sequence, U,eir analysis requires 
no more Aran a,e de.ennina,ion of fte iden.i.y of the single nucleotide present at the site of 
vana.,on and it is unnecessary to dcennine a complce gene sequence for each subjec. 

Several methods have beendeveloped to facilitate fteanalysisofsuch single nucleotide 
polymorphisms. 

In one embodiment, the single base polymorphism can be detected by using a 
specahzed exonuclease-t^sistan, nucleotide, as disclosed, e.g.. in Mundy. C. R. (U.S. Patent 
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No. 4,656, ,27). According ,o fte meftod. a prtaer complementary to the allelic sequence 

— .y3M„thepol„csiteispenr,itted,ohybridize,oa.arge.„„,ec„,eobt^^^ 
fi^m a parttcular anin^ or htunan. If the polymorphic site on the target molecule contait. a 
nucleotrde d,a. is complementary to the particular exonuclease-resistan. nucleotide derivative 
present, then that derivative Will be incon^orated ontothc end of the hybrid!^ primer Such 
,ncon,oration renders theprimerresistant to exonuclease, and thereby permitsits detection 
Smce the identity of the exonuc.ease-resistant derivative of the sample ,s iotowu. a finding ' 
.ha. the primer has become resistant to exonucleases reveals that the nucleotide present in the 
polymo^hic site of the targe, molecule was complementary ,„ that of the nucleotide 
denvative used in the reaction. This method has the advantage that it does not require the 
determmation of large amounts of extraneous sequence data 

In another embodiment of the invention, a solution-based method is used for 
detennmmg the identity of the nucleotide of a polymo^hic site (Cohen, D. e, al (French 
Pa.ent2,650.840;PCTAppl,cati„„No.WO91/02087). As in tire Mundy method of U S 
15 •'>'»'No.4,656,,27,aprm,erisemp,oyedti,atiscomp,emen.a,ytoa,.e.icseque„ccs ' 

.—yj'toapolymorphic site. Themethod determines titeidentityofthe nucleotide 
of that stte using labeled dideoxynucleotide derivatives, which, if complementary to tite 
nucleotide of the polymorphic site will become incorporated onto the tetminus of tire primer 

An altentative metirod, known as Genetic Bit Analysis or GBA™ is described by 
Goelet,P.«.,(PCTAppHcationNo. 92/157,2). The metirodofGoelet P e, al uses 
mtxtures of ,abe,ed terminators and aprimer that is complementary to tire sequence y to a 
polymorphic site. The labeled terminator ti.. is i„conx,rated is thus detemrined by and 
complementary to. tire nuCeotide present m tite polymorphic site of the targe, molecule 
be.ng evaluated. In contias..ofl,e method of Cohen.,./. (French Patent 2,650,840- PCT 

Appln.No.wO91/02087,themeti,odofGoele.,P.e,«/ispreferablyaheterogene:uspHase 
assay, m wh.ch the primer or the target molecule is immobilized to a soUd phase 

Several primer-guided nucleotide incotporation procedures for assaying 

polymorphic sites in DNA have been described (Komher, J. s.«./.,;.„,/.^„.,,^,, 

17:7779.7784 a 989);Sokolov,B.P..^„c/.^c/*«... ,8:367, (,990);Syvane„;A-C e. 
al. Genomics 8:684-692 (1990); Kuppuswamy. M. N. Pr„c. Nati. Acad. Sci (U.S A ) 
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8«:n43-, ,47 (,99,); P„.a„, r. 

H2(1992),Nyren,P.e/«/.,^„^/.5,,,;,,^ 208:171-175(1993^^ Th 
methods differ from GBA™ in tWt», „ . ^ 1993)). These 

H.. , the incoiporation of labeled 

can be used. For exa^pIeTd T ^"""^ ^^ove 

thbs,„.thb ;z ' : 

™BS,„.™s4o.™„..edfo™s„f™s/„ t™S4 

~g.o.e*«.,.o™i„*ea„. " ~ - ™ 

Alternatively, „„e can also measure an activity of a THR<;> t,.oo 
' binding ,0 a THBSl or THRS4 1- . o- ^ ' ™^^' ™BS4 protein, such 

^....obtainingceUsLaT ' '-o™ in .be art and involve, 

.odetermine! e"^^^^^^^^ 

oflLrLs'r: 
-..orsubcellula^r: 

-y include, for example, differences i,r '''^^ 

-mnt THBS. or TH^mIT . » -«8enici.y of the 

THBS4 polypeptide relative to the nonnal THBS, or THBS4 
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polypeptide. Protein from the tissue or cell type to be analyzed may easily be detected or 
isolated using techniques which are well known to one of skill in the art, including but not 
limited to Western blot analysis. For a detailed explanation of methods for carrying out 
Western blot analysis, see Sambrook ei al, 1 989, supra, at Chapter 1 8. Tl.e protein detection 
5 and isolation methods employed herein may also be such as those described in Harlow and 
Lane, for example (Harlow, E. and Lane, D., 1988, "Antibodies: A Laboratory Manual", 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York), which is 
incorporated herein by reference in its entirety. 

This can be accomplished, for example, by immunofluorescence techniques 
' employing a fluorescently labeled antibody (see below) coupled with light microscopic, flow 
cytometric, or fluorimetric detection. The antibodies (or fragments thereof) useful in the 
present invention may, additionally, be employed histologically, as in immunofluorescence 
or immunoelectron microscopy, for in situ detection of THBSl or THBS4 polypeptides In 
situ detection may be accomplished by removing a histological specimen from a subject, and 
applying thereto a labeled antibody of the present invention. The antibody (or fragment) is 
preferably applied by overlaying the labeled antibody (or fragment) onto a biological sample. 
Through the use of such a procedure, it is possible to detennine not only the presence of the 
THBSl or THBS4 polypeptide, but also its distribution in the examined tissue. Using the 
present invention, one of ordinary skill will readily perceive that any of a wide variety of 
histological methods (such as staining procedures) can be modified in order to achieve such 
in situ detection. 

Often a solid phase support or carrier is used as a support capable of binding an 
antigen or an antibody. Well-known supports or carriers include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses 
polyacrylamides, gabbros, and magnetite. The nature of the carrier can be either solubll to 
some extent or insoluble for the purposes of the present invention. The support material may 
have virtually any possible structural configuration so long as the coupled molecule is 
capable of binding to an antigen or antibody. Thus, the support configuration may be 
spherical, as in a bead, or cylindrical, as in the inside surface of a test tube, or the external 
surface of a rod. Alternatively, the surface may be flat such as a sheet, test strip, etc. 
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Prefaced supports include polystyrene beads. n,ose skilled in fl,e art will k„„ 

— c^er..r.i„din...odyor.«,en.„r.,,.a.e::^^^^^^ 

Of routine experimentation. ^ 

5 isviaiin^:r""""'^"™^' " -'^'^e speci«c antibody 
..at^agetoan enzyme and use in ane„.yn,ei„nnunoassay(EU)(Vo,,er,"T.eE^^^^ 
Ltnked I^nunosorben, Assay (EUSA)".i,/„^„,,,„^2:,-7 , 978 Microbioi T 

20 (1978), Butler, Me,H. En^mol 73:482-523 (,981); Maggio, (ed.) En^n. 

..CRCPrcss,BocaRaton,FL,1980;,shikawa,«..,(eds.,^^™. 
10 /"""""ooMoy.KgakuShoin Tokyo 19811 Th. u- 
' react with .„ ■ ^ ' "'hi'^h <"'™d to the antibody will 

eactwubanappropr.atesubs.,.te.prefen.b,yacbro.noge„icsubstra,.^ 

flunme^eorbyv.sua,n,eans.En.yn,eswhichcanbe„sed.odetectab,y,abelthea„,iK,dv 

.ero.ds„.e,«e,yeas.alcoho.debydrogenase,alpba.giy^^^^^^^ 
- 7''''°f--~"shpe.oxidase,.ka,.nepbospbatase,J^^^^^ 

«^^oseo.dase,beta-g.ac.osidase,ribonuc,ease,urease,ca.a,ase,g,ucoJ^^^^^^ 
; f7~«'-°-^'---tylcbo,i„e^^^^^^^^ 

— — „bicben,ployacb..„ogenicsubst.te^ Oel ^ 

tny.»beacco.p,isbedbyvis^co™paHso„o.tbeextent. 
substrate m comparison with similarly prepat^d standarxls 

ForexamTrr*"'"'^"'"*''^'"*"^"^^^^^'^"'"*-— 

example, by rad.oacttvely labeling the antibodies or antibody ftagments i, is no b, , 

(RIA) (see. for example, Wemtraub. ^.Principles of Ra,<oin„r,unoa.says. Seventh Traini' 
course onRad.oligandAssayTech„i<,nes,T.e Endocrine Society.March.,9S6whiri 
.™dbyreWeherein,The.dioac.,veisotopecanbedetectedbysu:r^^^^ 
*euseofagammacounterorasci„tillationco„„.erorbyau.o.^i„g.phy 

'•'^'^-•"-bletolabeltheantibodywithafluorescentcompound When the 
«uoresccn.ylabe,edan.bodyisexp„sedtoligh.„f.heproperwavei:gth.its:::;l 
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e,hvLd- " '•-%ie„etta™i„epe„moe«c acid (DTPA) or 

ethylenediaminctetraacetic acid (EDTA). 

The antibody also can be detectablv labels! h„ „ , ■ ■ 

^^^^——^^^^'^ 

de.cn.ined using any of fte above described ™e J^' . ^ 
~o.be,eno.icO.A..,,secH"::r " ^ 

Primernucleicaciddcscribcdhere- .T "' 
whetherasubjecthsl 
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Sample nucleic acid to be analyzed by any of fl,e above-described diagnostic and 

prognos,.cmeU,«is can be obtained from any oen type or tissueofasubject. For example ^ 
su .ec. b di,y«„id,, .ood)canbcob.ainedby..o™.ec.i<,ne.., venipuncul^; 

A.,»,a,.ve,y,nuc,eic acid tests can be perfonned on dry samp,es(..,. hair or sM^^ 

nuc,etc acid san,p,cs can be obtained front maternal b.CK>das described inlnternationa, 
Paten. Appi,cati.n NO. WO9,/07660 to Bianchi. Alternative,, 
may be obtained for performing prenatal testing. 

^agnosticprooeduresmayaisobeperformed.„.v„dircctiyupontissuesections 
(fix d ana/or frozen) of subject tissue obtained from biopsies or resections, such that no 

nuciccacdpurifrcation is necessary. Nucleic acid ..agents may be used as probes and/or 
pnmers for such /„ sin. procedures (see. for example. Nuovo. G.J.. , 992. PCR ,„ sUu 
hybndization: pro.ocols and appHcations, Raven Press. NY). 

In addition to methods which focus primarily o„ d,c detection of one nucleic acid 
sequence profiles may also be assessed in suchdetection schemes. Fing^^^^^ 
^e„fo.e.ample.byuti,izingaditfe..tia.displayproce 
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B- Pharmacogenomins 

Ku-'edgeoftheidentityofthealleleofoneormoreTHBSl orTHBS4genc 
polymorphic regions i„asubject(the mo. ™bs, and/or ™BS4gene.icprofile), alone or 
ncon,„nc..on with info^ation of other genetic defects associated With the same disease 
*e genetic profileofthe particular diseasOalso allows selectionand customization Of the 
2^py....,apar.icu,ar clinical cou.eof.he.py and/or fitrtherdiagnosticevaluationfor 
P^,cular ^.aseto the subject.sgeneticp.file. For example, subjects havingaspecitic 
.^eofaTHBS,orTHBS4 gene, or in combination may or mayno.exhibi.sym;„ms„fa 
P».cular^seaseorbepredisposcd.odevelopi„gsymp.omsofaparticulardise^.FurU.er 
.f.hoscsubjec,saresymp.oma.ic.theymayormay„o..spond.oacer.aindruge^ a ' 
spe.ficti,crapeu.icusedin.heti.atmentorpreventio„ 

CAD or Ml. such as, for example, beta blocker drugs, calcium channel blocker drugs or 
nttrate drugs, butmay^spond to another. Furthermore, they may ormay„o.„. 
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othe,.ea,„e„.,i„c,udi„,,ro,exa.p,e,„3e„f„edic^,e^,esfor.eat™e„.„f_^^^ 

d. ea. o„urgica,„d/„r„o„-s.gicalp™cedures„,coursesof.ea..em Mceover ifa 

'^°"'^---.iceva,ua«o„,,e,u.„,,,o.ex^^^^^ 
dev.cesorpr„ced.es. T.us, „„„ of a THBSl or THBS4genetic p.„fi,e 
ca,egonza«onofa..erati„„.i„™BSlor™BS4 genes whichare associated witt^ 

e. ,op.en.ofapa„.u,a.disease),.o„apopu,a«o„ofsu,ec.s,w^ 
d..3eo.co„.o„.Ha.iseaused.^ 

™BS. orTHBS4ge„eand/orpro..„(aTHBS. or raBS4 genetic population p„«,e) and 
.0 -~-f-"^Jec..s™BS,orTHBS4pr„fUe.t,epopu,a,io„pr„f,e,peL.sr 
=ee.onordesign„fdn,gs«..aree.pec.^,oBesafeandefficac.ou3forapLcu,ar 
^0. or su jec. population (,.., a group of su,ee.s having ..e .an,e gene.^^ 

a fteseectionordesign„fapar.icuiarc,inica,courseofU,erap,or«n*erdiagnoi 

Forexan.ple.aTHBSl or THBS4 population profile can be perfonned by 
de.emr,„ing .he THBS, or THBS4 profile,.,, ti,e identity of™BS,orTHBS4aHelesi„ 

THBS, or THBS4poly.„rph.c regions. Optionally, .he THBSI or THBS4 population 
rofi.^fi...erincludeinfor„.ationrela.ing.o.heresponseof^ 

or THBS4ti,erapeutic, using any ofavarie.yofnreti,ods. including, „oni.„ring:l)ti,e 
-^.y„fsyn,p.onrsassocia.edwi* .he THBS. or THBS4.1a.ed disease;^ 
™S4 gene expression leveU) THBS, or THBS4n.RNA,eve,and/or4)™^ 

o?™T":t"'''^'''"'""™"**^~™''-^»''-'-'-™Bsi 

^ alleles. T^eTHBS, or THBS4 genetic population profile can also, optionally. 

.nd.ca.eti,osepar.cu,arTHBSl or THBS4 alleles Which arepresen, in subjectira. a. 

e.ti,errespo„s.veorno„-respo„siveti,apartioul.ti,e.peutio, clinical cou^e of ti,e^^^ 
d.agnos..ceva.ua.io„.™s information or popul^ 

w.chn.d..d..sshou,drespo„dti>particulardrugs,pa.,ieularclin^^^^ 
ordragnosticevaluationsbasedontireirindividualTHBS. or THBS4 genetic profile 
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In a prefen-ed embodimen,, fte THBSl or THBS4 profile is a tanscripaonal or 

«o„ level profile and is co« of determining ,heexpressi„„,eve,ofTHBS. or 
raBS4 proteins, alone or in conj^ction with the expression level of other genes Icnown to 
eontnbme to the same disease at various stages of the disease. 

Pharmacogenomic studies can also be perfonned using tnmsgenic animals For 

example, one can produce tntnsgenicmice..^., as described herein, which oontainaspecific 
a^lehcvanantofaTOBSl or -^384 gene. TT.ese mice can be created, e.g, by replacing 
t^e.rw,ld-type THBSl or THBS4 gene with an allele of the huntan THBS, orTHBS4gene 
The response of these n,ice to specific THBS 1 or THBS4 particular therapeutics, elmical ' 
courses of treatment, and/or diagnostic evaluations can then be determined. 

Diagnostic Evaluation 
In one embodiment, the polymotphisms of the present invention are used to 
d«enn,ne the most appropriate diagnostic evaluation and to determine whether or not a 

subjectwil,be„efi.fron,lnttherdiagnosticevalua«on.Forexample,ifasubjecthasoneor 
mote of the variant alleles a, nucleotide positions 55322, 53502, 60793. and/or 58445 of 

SEQ ID NO:l.and/or the variantallelesatnucleotide positions 105290. M8019 and/or 
89835ofSEQ,DNO:3.or the complement thereof, as described herein, that subject is more 
hk^yto^veortobeatahigherthannotmalriskofdevelopingavasculardiseasesuchas 
CAD or MI. If a subject has one or more of the variant alleles a. nucleotide pos.tions 52861 

an^or 49556 ofSEQ ID NO:l.or the complement thereof, as described het^in, that subject 
ts less Itkelyto have or is atalower than nonnalriskofdevelopingavascular disease 

TT.US, ,n one entbodiment, the invention provides mefltods for elassifymg a subject 

who has, or is atriskfordeveloping,avaseular disease or disorder asacandidate for further 
^a^tteevaluationforavascular disease or disorder comprisingthestepsofdetennining 
the THBSl and/or THBS4 genetic profile of the subject, comparing the subjecfs THBSl 

and/orTHBS4geneticprofiletoaTHBSl and/or T«BS4geneficpopu,ationprofile, and 
clas^e subject based on the identified geneticprofilesasasu^^^^ 
for flmher diagnostic evaluation for a vascular disease or disorder 
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In a prefeired embodiment, the subject's THBSl genetic profile is determined by 
Identifying the nucleotide present at nucleotide positions 55322, 53502, 60793, 58445 
52861, and/or 49556 of the reference sequence GI 12583762 of the THBSl gene. In mother 
preferred embodiment, the subject's THBS4 genetic profile is determined by identifying the 
nucleotide present at nucleotide positions 105290, 1 1 8019, and/or 89835 of the reference 
sequence GI 14916146 of the THBS4 gene. 

Methods of further diagnostic evaluation include use of vascular imaging devices or 
procedures such as, for example, angiography, cardiac ultrasound, coronary angiogram 
magnetic resonance imagery, nuclear imaging, CT scan, myocardial perfusion imagery' or 
electrocardiogram, or may include genetic analysis, familial health history analysis, lifestyle 
analysis, exercise stress tests, or any combination thereof 

In another embodiment, the invention provides methods for selecting an effective 
vascular imaging device as a diagnostic tool for a vascular disease or disorder comprising the 
steps of determining the THBSl and/or THBS4 genetic profile of the subject; comparing the 
subject's THBSl and/or THBS4 genetic profile to a THBSl and/or THBS4 genetic 
population profile; and selecting an effective vascular imaging device or procedure as a 
diagnostic tool for a vascular disease or disorder. In a preferred embodiment, the vascular 
imaging device is selected from the group consisting of angiography, cardiac ultrasound, 
coronaiy angiogram, magnetic resonance imageiy, nuclear imaging, CT scan, myocardial 
perfiision imagery, electrocardiogram, or any combination thereof 
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(") Clinical Course of Therap v 

In another aspect, the polymorphisms of the present invention are used to determine 
the most appropriate clinical course of therapy for a subject who has or is at risk of a vascular 
disease or disorder, and will aid in the detemiination of whether the subject will benefit from 
such clinical course of therapy, as determined by identification of one, or preferably, both of 
the polymorphisms of the invention. If a subject has one or more of the variant alleles at 
nucleotide positions 55322, 53502, 60793, and/or 58445 of SEQ ID N0:1 and/or the variant 
alleles at nucleotide positions 105290, 1 18019, and/or 89835 of SEQ ID NO:3, or the 
complemem thereof, that subject is more likely to have or to be at a higher tha^ nomial risk 
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of developing a vascular disease such as CAD or MT. ,f a subject has one or n,o. of *e 
vanan, alleles atnucleotide positions 52861 and/or 49356 of SEQ ID NO- 1 orthc 

con,ple„e„..he«,f..aescribed herein.*, subject is less lively .0 have ono be at lower 
than normal risk of developing a vascular disease 

' bor. • "1 °™ ''^^^ '"^■"'S^' - "-"b^" herein 

boths.nglyand.„co„bi„ati„n.aswellastotheuse„f.heseSNPs.ando,hersi„flrese ' 
genes particularly those nearby in linkagedisecuilibriun, With these SNPs. both singly and 
.nco.b.nat.on,f„rpredicti„n„fapar.icu,archnica,courseoftherapyforasubJec.wohas 

mthodf„rde,erm.nrngwhe.herasubJec.willbenefitfron,apa«icularcourseoftherapyby 

etenn,n.„gthep,esenceofo„e,orprefe.b,ybo.h,ofthepoly™on,his™softhei„ve„I 
For example, the determination of the polymon^hisms of the .nvention, singly or in 

combination, will aid in the detenninationofwhether an individual wil, benefit fi.ms.gical 
— nand/orwillbenefitbythehnplantationofastentfollowingsurgical 
> —..ionandwillaidinthede.erminationofthelike.iho. 
particular clinical course of therapy. 

In one embodimem, .he invemion provides me.hods for classifying a subject who 
Has,o S3.„,,„,,..,„^,„^,,_,^^_^^^^^^^^_^^^^^^^ 

l.n,calcou.eoftherapyforavasculardisease„rdis„rdercomprisingthestepsof 
dete^nnmg the THBSl and/or THBS4 genetic profleofthe subject; comparing the 
subject sTHBSl and/or genetic profile to a THBS. and/or rHBS4 genetic 

population profile; anaclassifying .he subject based o„ the identi^^^ 
2-ho.sacandidateforapar.icularcliniealcourseof^re.pyforavascu^.is^^ 

In anofter embodimen.. *e invention provides meftods for selecting an effective 

chmcal course Of therapy to ..atasubject Who has, or is at risk for deve,oping,avascu,ar 
or .sorder comprising the s^psofid^ennining the raBS. and/or THBS4 genetic 
P^eof^e subject; comparingtitesubjecfsTOBSl and/or THBS4gene.icprofi,e.oa 

cou..ofti,e..pyf„r.„ati„en.ofasubjec.whohas.orisatriskfordeve,oping,ava.cular 
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disease or disorder. 

An app^priate climoal course of ftempy „ay include, for example, a nfes.yle 

^ange. including, for exan,p,e,achange in diet or e„viro™„e„.. Other cHnica, cou.es of 

^-^''■^'•'•'^.^"-eno.limi.ed.o.useofsurgica.proceduresor^edicaldevices 

Surg.caproced„re.for,he.eau„en.„fvasculardis„„ers.i„c,udes.forexa™ple,surgica, 
revascular.za,ion,s„ci..a„gi„p,,,,,,.,.,„^„^^^^,^^_^^^^^^^^^^^^ 

ang« (PTCA), or laser angioplasty.or coronas bypass graft„,(CABO). Medical 
devtces used in ,he..atn,en.orpreve„.io„ofvascular diseases or disorder, include for 
example, devices used in angioplasty, such as balloon angioplasty or laser angioplas.; a 

dev.ceused.ncorona,yrevascu,arization.oras.n,adefibriHator.apacemal.er.ori 
THBSl and/or raBS4 gene expression or ™bs1 and/or THBS4 p^tein activity. 

™^P-»"-entionprovidesamethodform„ni.oring,heeffec.ive„essof 
~tofasubjec.withaTHBSlorTHBS4.herapeu,ic.,.,antodulatororagent(e^ 
jagonts, antagonist, such as. for exantple.apep.idomi.etic. protein, pep«de, nuclei ^id 

dccnbedhere.n)compnsing the steps of (Dobtainingapt^administration sample fronti 

ofaTHBSl or raBS4pro.em.mRNA or gene in the preadministration sample- (iii) 
obtamtng one or morepost-administrationsamples from ate subject; (iv,detecting*e level 
ofexpress.onor ac«vi.yof.heraBSl or ™bS4 protein. mRKA or gene in the post- 
^n-^on samples^Wcompating the level of expression or activity oftheraBSl or 
™S4prote,,mRNA. or gene in the preadmmistration sample with .hose Of the ™bS1 or 
THBS4p..em.mRNA, or gene in tite post administration sample or samples; a„d(vi) 
ahenngtheadministrationoftheagenttothesubjectaccordingly. For example, incased 
admmistrationofthe agent mav hp HptiroKi.. ■ , 

orraBS4, h-. , ' ''"'^'"''°"'"*^*^'''P«-»<'-ctivi,yofTHBSl 

oraBS4 ohtgher levels than detected. toincrease the effectiveness of the agent 
Altemattvely.dec^ased administration of the agent may be desit^ble to decrease expression 
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or activity of THBS 1 or THBS4 to lower levels than detected, to decrease the 

effectiveness of the agent. 

Cells of a subject may also be obtained before and after administmtion of a THBSl 

or THBS4 therapeitfic to detect the level of expression of genes other than THBSl or 

THBS4, to verify that the THBSl or THBS4 therapeutic does no, increase or decrease the 
express,on of genes which could be deletedous. This can be done, e.g.. by using the method 
of transenptional profiling. Thus, mRNA from cells exposed /« v/v<„o a THBS 1 orTHBS4 
therapeutic and mRNA from the same type of cells that were not exposed to the THBSl or 
THBS4 therapeutic could be reverse transcribed and hybridized to a chip containing DNA 
from numerous genes, to thereby compare the expression of genes in cells treated and not 
treated with a THBSl or THBS4 therapeutic. If. for example a THBSl or THBS4 
therapeutic turns on the expression of a proto-oncogene in a subject, use of this particular 
THBSl or THBS4 therapeutic may be undesirable. 

D. Methods of Treatment 

The present invention provides for both prophylactic and therapeutic methods of 
treating a subject having or likely ,o develop a disorder associated with specific THBSl or 
THBS4 alleles and/or aben-ant THBSl or THBS4 expression or activity, e.g.. vascular 
diseases or disorders. 

i) Prophylactic Methnd.s 

In one aspect, the invention provides a method for preventing a disease or disorder 
associated with a specific THBS 1 or THBS4 allele such as a vascular disease or disorder 
e.g., CAD or MI, and medical conditions resulting therefrom, by administering to the subject 
an agent which counteracts the unfavorable biological effect of the specific THBSl or 
THBS4 allele. Subjects at risk for such a disease can be identified by a diagnostic or 
prognostic assay, e.,., as described herein. Administration of a prophylactic agent can occur 
prior to the manifestation of symptoms associated with specific THBS 1 or THBS4 alleles 
such that a disease or disorder is prevented or, alternatively, delayed in its progression 
Depending on the identity of the THBSl or THBS4 allele in a subject, a compound that 
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counteracts the efifec, of this allele is administered. The compound can be a compound 
modulating the activity of THBSl or THBS4. e.g., a THBSl or THBS4 inhibitor Tlte 
treatment can also be a specific lifestyle change, e.g.. a change in diet or an environmental 
alteration. In particular, the treatment can be undertaken prophylactically, before any other 
symptoms are present. Such a ptophylactic treatment could thus ptevent the development of 
aberant vascular activity, e.g., the production of atherosclerotic plaque leading to, e.g., CAD 
or MI. The pmphylactic methods are similar to therapeutic methods of the present invention 
and are further discussed in the following subsections. 



' (ii) Therapeutic Methods 

The invention further provides methods of treating a subject having a disease or 
disorder associated with a specific allelic variant of a polymorphic region of a THBSl or 
THBS4 gene. Preferred diseases or disorders include vascular diseases and disorfers and 
disorders resulting therefrom (e.g., such as, for example, atherosclerosis, CAD, MI, ischemia 
stroke, peripheral vascular diseases, venous thromboembolism and pulmonary embolism) 
In one embodiment, the method comprises (a) determining the identity of an allelic 
variant of a THBSl and/or THBS4 gene, or preferably, the identities of one or more of 
nucleotide residue 55322, 53502, 60793, 58445, 52861, and/or 49556 of SEQ ID N0:1 (the 
THBSl gene), and/or residues 105290, 1 18019, and/or 89835 of SEQ ID N0.-3 (the THBS4 
gene), or the complements thereof; and (b) administering to the subject a compound that 
compensates for the effect of the specific allelic variant(s). The polymorphic region can be 
locahzed a. any location of the gene, e.g.. in a regulatoty element (e.g., in a 5' upstre™ 
regulatoo- clement), in an exon, (e.g., coding region of an exon), in an intron, or at an 
exon/intron border. Thus, depending on the site of the polymorphism in the THBSl or 
THBS4 gene, a subject having a specific vW of the polymorphic region which is 
associated with a specific disease or condition, can be treated with compounds which 
specifically compensate for the effect of the allelic variant. 

In a preferred embodiment, the identity of one or more of the nucleotides present at 
the nucleotide residue 55322, 53502, 60793, 58445, 52861. and/or 49556 of SEQ ID NO: 1 
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(theTHBSl gene), and/or residues 105290, 1 18019, and/or 89835 of SEQ ID NO-3 orthe 
complement thereof. 

If a subje« has one or „,ore of fte variant alleles a, nucleotide 55322, 53502, 60793 and/or 
; ^"™"' -,an.o„esldues ,052., USO^.^^^L 

SEQ ID NO:3.or .he complement ,he«,f. .ha. subject is atahigher than nonnalriskof 
deve,op.ngavasou,ardiseasesuchasCADorMI.IfasubJec.haso„eormo.of*evaria„. 
alleles a. nucleotide positions 5286. and/or 49556 of SEQ ,D N0:1, or .he oomplenten. 

*ereofa3 described herein, that subject is .ess like., .ohaveor to be at lowers 

nsk of developmg a vascular disease. 

A mutation can be a substimtion. delcion, and/or addi.io„ of a. .east one nucleotide 
re.at,ve .o fte wild-type allele (U. fte reference secuence). Depend,„g on where the 

n,u.a..on is located in the THBS. or THBS4 gene, the subject can be treated to specifically 

compensate for .he mu.a.ion. For example, if «.en.u.aon is presen. in d,e coding .gionof 

.hegeneandresul.sinamoreacaveTHBSlorTHBS4pro.ein,.hesubJec.ca„be«ea.ed 

...byadmi„is.ra.ion.od,esubjec.ofamodulator,..,.,atherape„ticorcou.eofc,i„ic:i 

~wh.ch treat, p^vents, or amelio^tesavascular disease or disorder. Norma. 

™BS. and/or THBS4 protein can a.so be used to co„n.erac. or compensa.efor.he 
end„genous„,,,,,„^„,,,^,„33,^^^^^^^^^^^^^^^^ 

srecirrT''"'''''^'^"''""'^'^"'"*^^'''^''^^- 

somecellsmU,esubjec.are,ransfon„edortransfectedwithanexpressioncons.ruc. 

™t"r -""'™«"--'- acids encodingreferencehuman 

THBSl and/or THBS4pro.ein are scforthinSEQ ID NOs.:l and 3, respectively 

Yet m anofter embodiment, fte invention provides meftods for ,rea.i„g a subjec. 
hav.ngan,um«dTHBS. and/or THBS4 gene, in which fte mu.a.ion is located in a 
^gula.ryregionof*egene.Suchareg„la.o.yregio„canbe,oca.i.di„.he5.ups«eam 
^gula.o..elemen.of*egene,i„dre5'or3.u„.ansla.edregionofane.on.orina„in.ron 
Amu.a.,onmaregula.o.,regioncanresul.ininc.easedp,oductio„ofTHBSl and/or 
™BS pro.ein.decreasedp„duction„f™BS. and/or THBS4 protein, or produc.ionof 
raBS. and/or THBS4havinganabe.ran..issuedis.ribu.ion. The effect of a mu«ion in a 
-guia.oo.«gionuponfl>e THBSl and/or THBS4p.o,einca„bedett™ined eg. by 
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measuring .he THBS , and/or THBS4 protein leve. or ™RNA level in cells having a TOBS 1 
and/or THBS4 gene having .his mumtion and which, normally (,■.. , i„ the absence of the 
mu.at.on) produce THBSl and/or THBS4 protein, TT.e effec. of a mu.a.ion can also be 
detennined ,„ r,ro. For exan,p,e. if .he mum.ion is in tf,e 5' ups.ream regula.0., elemen. a 
reporter consm.c. can be consuuced which comprises .he mumted 5' upstteam regulatory 
eleven, hnked to a .^porter gene, the construct tt^fected into cells, and conrparison of the 

level ofexpr^ssionofthe reporter gene under the conttolofAen,u.a.ed 5' upstream 
regulatoo. demen. and under fte con.rol of a wild..ype 5' ups.ream regula.o,y elemen. 
Such experiments can also be carried ou. in mice .^sgenic for dre mutaW 5' upsu^ 
regulmory elemen.. ,f .he mu.a.ion is loca.ed in an in.ron. the effect of the mu.a.io„ can be 
dcemnned, e.g., by producing .ransgenic animals in which the mmated THBSl and/or 
THBS4 gene has been in.roduced and in which .he wild-type gene may have been knocked 
out Comparison of 4e level of expression of THBSl and/or THBS4 in Ure mice nansgenic 
for .he mu.ant human THBS 1 and/or THBS4 gene with mice transgenic for a wild-type 
human THBS, »*or THBS4 gene will reveal whefter *e mu.a.ion resuhs in increased or 
decreased syndesis of fte THBSl and/or THBS4 pro.ein and/or aberran. tissue disWbution 
ofTHBSl and/or THBS4 protein. Such analys.s could also be performed m culntred cells in 
wh.ch the human mutant THBSl and/or THBS4 gene is inttoduced and, e.g.. replaces fte 
endogenouswild-type THBSl and/or THBS4 gene in «.e cell. Thus, depending on fte eifcc. 
of U.e mu.a.ion m a ..gulalory region of a THBS, and/or THBS4 gene, a specific treatment 
can be administered to a subject having such a mu.a.ion. Accordingly, if fte muu..ion results 
m .ncreased THBS 1 and/or THBS4 protein levels, the subject can be treated by 
adm.n,strationofacompound which reduces THBSl and/or THBS4 protein production... 

^>'-''-i''8™BSland/orTHBS4geneexpressio„orac„mpoundwhichinhibi.sorreduces 
25 the activity of THBS, and/or THBS4. 

A correlation between drug responses and specific alleles ofTHBSl and/or THBS4 
can be shown, for example, by clinical studies wherein the response to specific drugs of 
subjects having different allelic variants of a polymotphic region of a THBSl and/or THBS4 
gene .s compated. Such smdies can also be performed using animal mode,, such as mice 
30 havmg various alleles of human THBS, and/or THBS4 genes and in which eg fl,e 
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^le-es and fl,e .sponge Of ftediffere„,.ice.„aspecific compound is co.pa.ed 
Wd.„e,,,«,e invention p^videsassaysfoHdemif^^^^ 

o . ..„gaspee.fiodiseaseo.condi.i„ni„asubjec.. Fo.exan.p,,i.wii,^p„ss^^^^ 

e.ec.d™,sw.ie.wi,i^devoidof«,o.,..e*e,owesueve,of,o.ici.^^^ 
treatmg a subject having a disease or condition. 

Tlteidentificationof different alielesofTHBSl or THBS4 can also be usefit, for 
^ ..^.ng an .dtviduaiantongotherindividt^s .on, thesa^e species. Porex™^^^^ 

se,uen<.scan be t.edasaflngen,rint for detection of different individuals Within the s^^^^ 
™o„,pso^^ 

Phade,pH«,P^099,)), This is use,,,, for example, in forensic studies and patemit, 

testing, as described below. ^ 



20 



25 



30 



A. Forensics 

Detennination of which specific allele occupies a set of one or „ore polyntotphic 
.^.nan.nd,vidualident.fiesasetofpo«cfo.n.thatdis^^^^^ 
fro™ othe.,nthepopu.ation.*.„,Hatio„alResea.ch Council. 
^........v.... <Bas.Pol,„d...,.ation.Acade.,Press,OC,l..., T 1 

ol^otphtesttes that are analyzed, the lower the probability that the setofpolylorphic 
W.no„e.ndividualis.hesanreasthati„a„t».lated individual. Prefel if! p,e 
s e e^,,^, ™"s.*epo.„isn,softheinveH: 
used.„conjunct.onwithla,„wnpo,«s.sindis,a,genes. Prefetred po,y™o,phis»s 
oruse.nf„rensicsa,ebia,le„cbecausethepopulation.e,uenciesof,wop:,yL;^^^^^ 

or^s can usually be deternrinedwia^gteater accuracy than thoseofntultiplepolZtphio 

forms at multi-allelic loci. ymoipnic 

J^-^P-^^3^toidentifyadistinguishingoru„iquesetofpolym^^^^^ 

individual IS useful for forensic analysis Forexamni. . 

analysis, hor example, one can determine whether a blood 
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sample fro,.asuspectma.chesab.„od or ofl^er tissue sa„.p,eft„„acrime scene by 
aee„„.n.„,..e«,erU,ese.ofp„,,„o,,,f„™,_^^,„^^ 

*esa™e.„«,es„spee.a„a*esa„,p,e.If«.ese.„fp„,„,„„,,,,,„,^^ 

^---"-«a„''asa™pHiUa„be„ea(ba^,e.peri„en.a,e„^^^ 
^pec.was„o,.esou.ee„fti,esa„,p,e. *e set of „^.e. is *e s^e . Jsa^p.e as . 
2esu.pec..o„eca„eo„c,uae*a.«,emAfr„„U,esuspeo,isco...e„,wi*.,.l,: 
cn^e seene. I^^^uencies of U,e po„™,H. fo™s aUHe ,oci .es.ed have been 

s^, ca,a„a,s,s,ode.e™,„e*ep.babm..«..a™a.hofsuspec.a„aeW.e.ce„^ 
1 U sample would occur by chance. 

allelcfon„a.ag,ve„po,y„o,phicsi,e. Forexa^ple, in biallelic loci, four genotypes a. 
«AA.AB,BA,au.BB.if.,e,esAa„.Boccuri„abapioi<,genou:ofr 

Homozygote: p(AA)= 
Homozygote: p(BB)= y^ = (i.^y 
Single Heterozygote: p(AB)- p(BA)= xy = x(l-x) 
Heterozygotes: p(AB+BA)= 2xy = 2x(l -x) 

oick . ■;^7'"'""'^°^'*"«'^^«-'--ae., theprobabiiitythattwo individuals 

P.ckedara„do»fro„apopu,a,io„wi„ have identical poiy^orpbic font, atagiveuious) 
is given by the equation: pCID) = (x'). ^ 

J*'"""--' «^'"endedf„rany„„n,berofpoly„,orphicfo™,satagiven 

aved,e.,„enc,es,nthepopu,a,ionofx,y,a„d.,.spective,y,ise,„a,,„thesu™of.he 
squaresofhegenotypefrequencies.. PaD, = x'.(2xy)H(2y.)^.(2^)3,,. . , 

a.,J:;'°^'^°'""'"^^-*^«-^'"°'^-— onisusedtoca.^^^^^ 

Tbecu.u>ativep.„babi,i,y„fidentity(outnpaD))foreachof„u,tip,eun.in.ed.oci 



-70- 



Atty, Docket No.: MMI-003 



is determined by multiplying the probabilities provided by each locus: 
cum p(ID) = paDl)p(ID2)p(ID3). . .p(IDn). 

The cumulative probability of non-identity fornlociO-.., the probability that two 
random individuals will be difference at 1 or mote loci) is given by the equation- 
' cum p(nonlD) = I -cum p(ID). 

If several polymoq,hic loci are tested, the cumulative probability of non-identity for 
random individuals becomesveryhighfe.,., one billion toone, Such probabilities can be 
Ween ,«o account together with other evidence in determimng the guilt or innocence of the 
suspect. 

Paternity Testing 

TTie object of patemity testing is usually to determine whether a male is the father of 
a chtld. ,n most cases, the mother of the child is known, and to,. , .„ 

mother'scontribution to the child'sgenotype. Paternity testing investigates whetherthepart 
of ti,e chtld-s genotype no, attdbutable to fl,e mother is consistent to that of the putative 
father. Paternity testing can be perfonned by analyzing sets of polymorphisms in the 
putative father and in the child. 

If the set of polymoT,hisms in the child attiibutable to the father does not match the 

se.ofpolymorphismsofthcpu.ativefather,it can be concluded, barring experimental et^or 
that that putative father is not ti,e real fati,er. If the set of polymorphisms in the child 
attnbutable to the fati,er does match «,e set of polymorphisms of the putative father a 

statistical calculation can be performedtodetennine the probabUityofacoinoidentJl match 
me probability of pat^ntage exclusion (representing the probability that a random 

maewi,lhaveapolymo.phicf„n„a,agivenpolymo.phic site thatmakes him incompatible 
as tite father) is given by the equation (see WO 95/12607): p(exc) = xy(.-xy), where x and y 
^ fte population frequencies of alleles A and B of a biallelic polymorphic site 

(At a triallelic site p(exc) = xy(l-xy) . y.(,.y.) . ^(,-xz) + 3xyz(l-xy.)), whet, x 
y. and z and the respective populations frequencies of alleles A, B, and C). 

The probability of non-exclusion is: p(non-exc) = I -p(exc). 

TTie cumulative probability of non-exclusion (representing the values obtained when 
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n loci are is used) is thus: 

Cum p(„o„-exc) = P(no„-excl)p(„o„.exc2)p(„on-exc3). . .p(„o„-excn) 

^"•»"'-'vep.babi,i.,of.heexc,usio„fo.„,„cifreprese„.i„ga,ep„babUi,y 
*at a ra^dcn „a.e Win be excluded: cum p(ex.) cum p(n„„.xc) 

If se veral po.„ic loci a. included i„ the analysis, *e cumulative probability of 

exclus.o„orarandomm..,.e.ybi,h. ™s probability can be .a.en into account in 

assessm.taeliabilityofaputativefatherwbosep„,ymo,,Mcmar.ersetmatcb^ 
polymorphic marker set attributable to his or her father. 
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methods''rrr?"'"'*^""''"^'"~'^-^'''^«^^^^^ 
THBSl or THBS4 gene, such as a human THBSl or THBS4 gene. In preferred 

^''"'--.•'■-ethodsuseprobesorpHmerscompHsingnucleo.idesecuenceswhichare 
ompe . . 

S. 9.10. 1 1. ,2, or 13). ,n ap^ferred embodiment, the methods use probes or primers 
comprrsmg nucleotide se„ which are complementa. to a polymotphic region of a 
^„mo,p^ 

sforperfomnng these methods, mapreferred embodiment, the kit comprises pro es or 

zzrT~~"^"^— ^^^^ 

v»a^. alleles or reference alleles at nucleo.idepositio„s55322.,3502,60793.5S445 
52861.»d/or49556ofSEQ,DNO:l (theTHBS, gene), and/or residues 105290 1180,9 

and/orS9S35ofSBQ,ONO.,or.hecompleme„t.hereof:„ap,efe..dembodimer: 
~nprovidesal..fordete.™i„i„gwhetherasu,ecthasorisatHskofde.^^^^^^^ 
d.^ase„rcond.t.„nassocia,edwithaspecificallelicvariantofaTHBS. orTHBS4 

P«c ion. man even moreprcferr^l embodiment, the dise^e or disorder is 
ch^ tenzedbyanabnormalTHBS, or THBS4 activity. In an even more pt^ferr^, 
embod™e„,.einven^^^^ 

ns Of evelopmgava.„,ardise^..,,a.he..sc,erosis.CAD.MI, ischemia, stroke 
penphemlvasculardiseases,venousth,»mhoembo,ismandpulmona.,embo,ism 
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^P-'--^""P«>vides,^ge„tsf„rde,e™ni„gwhefterasubjec.is,ilcely,„ 
develop a vascular disease, e.g., CAD or MI. 

hybnd,z,„gu„ders.n„ge„.oo„di,io„s.oaTHBSl or THBS4 sequence or pol„c 
reg,o„a^di.,™c,ious for use. The prefer,, ,<,„p,3,,.,,^,„„^„^^^^^^^^ 

^scn^d nucleic acids. P,efer,«llci.s for a.pli,Vi„gaUeas,apor,io„ofaTHBS,^ 
™B geneco^priseatleast^vopH^^^ 

an allelic vanant sequence. 

The kits of «,e invention can also comprise one or more cont^l nucleic acids or 
reference nucleic acids, such as nucleic acids comprising a THBSl or THBS4 



intronic 



' <=■ -"^x iiTLoot iniro 

™Zrir'^'"r"''°"^"^''^"'''^--''"'^--«--ofa 

THBS or ™bS4 gene and a control DNA corresponding ,o such an amphfied DNA and 

"-fo™^" — theDNAamplifiedfiomasubJectandtheDKAhavingthenucleotide 

,uenceofaspeci«ca,lelicvaria„..l„„„,embodime„t,theco„trol„ucleicacid^^^^^^^^^ 
.eastapo.onofaTHBS,orTHBS4geneofanind..dualwhodoesnothaveavascui: 
d.sease.orad.sease or disorder assocated with an abe^n, THBS, or™BS4 activity 
Ve.otherl.itsof.heh,vcntioncompriseatleastone,^entnecessa,y.operfo™thelay 
^orexamp,e..he.tcancompriseane„^e. Alternatively «,e can comprise a buffer or 
^0 anyothernecessaryieagent. 
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°- agg™i£A pparatus Readable M^aand Array, 

Electronic apparatus readable mediacomprisingapolymorphismofthe present 
mventtontsalsop^vided. As used hetein. "electronic apparatus readable media-and 
Jjuterreadablemedia,.. Which are used interchangeably herein, refers to any suitable 
medt™ for stonng, holding or containing cUttaori„fom,ation that can be teadandaccessed 
dnectlybyanelec,ron.cappa..tus.Suchmediaca„include.butarenotlimitedto..magnrtc 
2«-e.a,suchas«oppydiscs,Harddiscstoragemedium,andmagnetictap.op.ia, 

EEPROM and the hke; gene.^ hard disks and hybrids of these categories such as 
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thereon a marker ofthe present invention. 

As used i,e.in. fte tem, "eleet^nic apparams" is intended to inelude any suitable 
oo.pu..„,orprocessi„,appa..usoro*er dev.ee conf^uredoradaptedforstol;^^^^ 

meiude stand-alone computtn, apparatus; networks, ineludingaioea. area networK^^^^ 
«de a.a network <WAN) internet, intranet, and Extranet; electronic apples s^ 

e.ona,d.,ta,assis.a„..(P,,3),ce,,u,arphone,pagerandthe,ike;and,oca,and 

distributed processing systems. 

;^--"-'"-"-orded"referstoaprocessf„rstoring„re„codinginfo™atio„o„ 
* e>ectron,capp^,„„eadaMen,ediu.. ™„seski„ed^^ 
,.„w„ 

manufactures comprising tlte polymotphisms of the present invention 

^^^•^'"f-ftw-programsandformatscanbeusedtos.ore.hepolymo.phism 
.fo^. oftbepresentinventionontheeiectronieapparatusreada..^ 

x^piethepoiymotpit. sequence can be .p.se„.edi„aword processing text me. 

foHnattedmcommerciaiiy-avaiiabie sot^ware such as WordPerfect and Miet^Soft word or 

>.^e,Orac,e,orthe,.ke,aswe„asino.herforms. An. number of data processor 
—ngf„™a.s(.,,.extti.e or databasejma. be employed in order to obtaht or ct^atea 
By p^viding the po.ymon^hisms of the invention in teadabie form, singly or in 

combmatton, onecan routinely access thepolymorp^sm information foravar." of 
—s. For example, one skilled in the ancanusethe sequences Of «,epo.ym!,^^^^^ 

.epres^mventionlnreadablefot^tocompareatargetse^uenc^ 
~s^^^^^ 

target sequence or target motif parucuiar 

T-'P-^'-ventiontherefoteptovidesamediumforholdinginstructionsfor 
performtngamethodfordet^niningwhetherasubjeethasavasculardiseaseorapt. 
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*sposHio„.„avascu,ard.ea.,whe:^*e.e*od comprises *es,eps„fde.e™i„^^^ 
pr sence or absence of a po.yn,on,hism and based o„ the presence or absence of *e 

poi.morphisn,.dete™i„i„gwhe«rerftesubJec.hasavascuiar disease orapre-dis^^^^^^^ 

---d/or„endi„,apan.u,arcHn.a.co.seof*e.p.„J^^^^^^^^ 
5 -aluanonforthevaseulardiseaseorp^-vasculardiseasecondmon 

^'P---emi„nitaherp„videsi„anelec.onics.s.™co.prisi„gaprocessor 
and/or .na„e.wo*.an,e*od for de.e™i„i„g„,e.herorno,asubjec.hasavascu,ar disease 
orapre-drspositionto vascular disease associated w,«,apo,«s. as described herein 

"*-e.hodco.prises.hestepsofde,emu„i„gftcp,^„ceorabse„ceof.he 
Poly»orphis..a„dbasedon.hep,esenoeorabsenceoffl,epo,y.orph.snr.dere^ 

Whether .he subje^hasavasculardiseaseorap^-dispositionroavascuiar disease and/or 
tending a particular treatment for the vascular disease or pre-vascular disease 
cond,„„„. In one en,bodin,en.. the processor implements the toctionality of obtaining 
■n^o^on^o . he subject indicative Of the presence or absenceofthepo^ 
Inanotherembodtment, the processor further implements the fimctionality of receiving 
Phenotypic infon^ation associated with the subject. ,n ye. another embodiment the 

processor further implements the i.nctiona,ityofac,uiringfromanetworlcphe:otypic 
.nformatton associated with the subject. The method may further comprise dre s.ep of 
recetvmg phenotyp.c information associated with the subject and/or acquiring from a 
network phenotypic information associated with fte subjec. 

TTre present invention also provides in a network system, a method for dete,™ining 
whetherasubject has vascular disease orapre-disposition to vascular disease associated with 

polymon,h,sm.saidme.hod comprising the steps of r^eiving information associated with 
*e polymorphism, receiving phenotypic infomtation associa.ed with the subject, acquiring 

.nfo^at^nf^mthenetworkcorresponding to the polymorphism and/or vascular disJ 
and basedon one or more„f*ephcnotypicinf„n„a.ion,d,ep„,ym„,phism, and flte acquired 
.nfonnat,o„,dete™i„ing Whether the subject hasavascular disease orapre-dispositiontoa 
vascular d^eascThemethod may t^rther comprise ^testepofrecommendingaparticular 
treatment for dtevasculardiseaseorpre-vascular disease condirlon. In one embodimen.*e 
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neuvork system comprises a server and a work station operatively cont.e«ed ,o .he server via 
the network. 
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The present invention also provides a method for detennining whether a subject has a 
vascular disease or a pre-disposition to a vascular disease, said method comprising the steps 
of recetvtng information associated with the polymotphism, receiving phenotypic 
.nformation associated with the subject, acquiring information from the network 
corresponding to the polymotphism and/or vascular disease, and based on one or more of the 
phenotypic information, the polymorphism, and the acquired information. dete™ining 

whether the subject has vascular disease orapre-disposition to vascular disease. Tire method 
may further comprise the step of recomntendmg a particular treatmem for the vascular 
disease or pre-vascular disease condition. 

^- Personalized H ealth Assessment 

Methods and systems of assessing personal health and risk for disease. . g. vascular 
dtsease. in a subject, using the polymorphisms and associations of the instant invemion are 
also provided. TTte methods provide personalized health care knowledge to individuals as 
well as to their health care providers, as well as to health care companies It will be 
appreciated that the term "health care providers" is not limited to physicians but can be any 
source of health cate. The methods and systems provide personalized infonnation including 

apersonalheajthassessmemt^portthatcanincludeapersonalizedmolecularprofileej. a 
THBSl and /or THBS4 genetic p,«f,le, a health profile, or both. Overall, the meUiods and 
systems as described herein provide personalized info^ation for individuals and patiem 
management tools for healthcare praviders and/or subjects using a variety of 
communications networks such as. for example, thelntenret. U.S. Patent Application Serial 
No, 60/266.082. filedFebruary,.2001.entitled"MethodsandSystems for Personalized 

Healfl, Assessment-further describes personalized health assessment methods, systems and 
apparatus, and is expressly incon^orated herein by reference. 

In one aspect, the invention provides an Intemet-based method for assessing a 

subjecfsriskforvasculardisease,e.g., CADorMI. In one embodiment, the method 

comprises obtaitting a biological sample fern a subject, andyzing the biological sample to 
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pro«dmg results offlie analysis ,0 the ,nhi , . ^'^''^HSSl and/or THBS4. and 

v-uiat disease. ,nano,he.e..odi„,e„rr:rd ~ 
«o,ogiea,santpie.o„asu.jec,.e,ar.r "''""^"'"^'^^ 

w^e.in.heptese„.„,,„,„„^^ j 2;™sr:?""^"^ 
~„.dee,.ased.s.fo.vasc„,a,diLl """^'^'"^^^^^^ 

It will be appreciated that the phase "wherein ,h, 
o.™s,an.„rXHBS4i„dieatesanine..ased~^^^^^^^^ 
■noludes an inct^ased or higher than , ■ ^'"^'^"lar disease" 

^.asuhjeethavineoneortltr -t"^""'''"^"^^"'^^'-^^ 

»ci/or89835ofSEQIDNO-3 or,h , 105290, 118019, 

--edorlowerthannor.l^Zr"'"'^" "-"^^ 
-ingoneorn^oteonhevanant: rZ:^^^^^^^ 

•I>NO:,.orthee„n,p,en,en„hereof. -<^or 49556 of SEQ 

"-oodthattheseteJltlrr^r^^^^^ ^ = 

•ypeofeonnnunicationlinl.. Thatis thetenn P-«="iar system or 

--anysni.ah,eeo™„„„|eation:yste„:^^::2^^^^^^^ 

computer system communication, p , "^^^"^^^^P^ter system and intra- 

'-alhusses,iocalare:~::*°"""~''---™-- 

'"^'"-'--.-ft'-dlinlcs.ntilrowavrjsttrTr^ 
^fio links, and fiberoptic links. T^ete^s, '^^'"'"'^^'^^^^^^^^^ 
-a.s„-rtoanys.tableeo„„: Z ^ 
'ocation, directly or viaathirdpatty eon. '"'"^""^•"-"-"•e 

'-ance,n,essa,escanbeeonl::r:aTrr~^""^^^"^^ 
vo-cetelephonemessageswithor^r. 

w.ftorw.thou.v„.ceor.onet.cog„ition.oranyothers„itab.e 
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communications technique. 

In another aspect, the methods of the invention also previde methods of assessing a 
subject's risk for vascular disease, e.g., CAD or MI. In one embodiment, the method 
compnses obtainmg infonnation from the subject regarding the polymorphic t^gion of an F7 
5 gene, though e.g.. obtaining a biological sample from the individual, analyzing the sample 
to obtain the subject's THBSl and/or THBS4 genetic profile. ..presentmg the TBBSl and/or 
THBS4 genetic p„,file information as digital genetic profile data, electronically processing 
.he THBSl and/or THBS4 digital genetic profile data to generate a risk assessment report for 
vascular disease, and displaying the risk assessmem report on an output device, where the 
) presence of a polymorphic region of THBSl and/or THBS4 indicates an increased or 

decreased risk for vascular disease. In another embodiment the method comprises analyzing 
a subject's THBSl and/or THBS4 genetic profile, representing the THBSl and/or THBS4 
genetic profile information as digital genetic profile data, electronically processing fl,e 
THBS 1 and/or THBS4 digital genetic profile dam to generate a risk assessmem t^ori for 
vascular disease, and displaying dte risk assessment teport on an output device, where the 
presence of a polymotphic region of THBSl and/or THBS4 indicates an increased or 
decreased risk for vascular disease, e.g.. CAD or MI. Additional health information may be 
provided and can be utiUzed to generate the risk assessment report. Such infonnation 
mcludes. bu, is not limited to, mformation regardmg one or more of age, sex. ethnic origin 
dtet. sibling health, parental health, clinical symptoms, personal health histoty. blood test ' 
data, weight, and alcohol use, drug use, nicotine use, and blood pressure. 

The THBSl and/or THBS4 digital genetic profile data may be transmitted via a ■ 
communications network, e.g.. the Intemet, to a medical information system for processing 

In yet another aspect the invention provides a medical information system for 
assessing a subject's risk for vascular disease comprising a means for obtaining information 
from the subject regarding the polymoT,hic region of an F7 gene, through e.g.. obtaining a 
btologtcal sample from tite individual to obtain a THBSl and/or TOBS4 genetic profile a 
means for representing ti,e THBSl and/or THBS4 genetic p«,file as digital molecular dlta a 
means for electronically processing flte THBSl and/or THBS4 digital genetic profile to 
generate a risk assessmem report for vascular disease, and a means for displaying the risk 
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assessment report on an output device wW ,u 
THBS, and/or ™bS4 indicates an ine " """"" "'^ '»'~"egion of 
'nanotheraspectj — disease 

----oa::;i:::::7.-"~-"'e..o^ 
^ -~-o"ofa„.r:r:7~^^^^ 

subject, analyzing fl,e subject's biolo.' , '^^'^ ft"" 

™Bs.gene.pto.e,jd,;:::rsrs™rT^^^^^^^ 

/e.e™ini„gthes„.jec..sHs,cfo.vascu,ardisre r T ™''^'"*''™«'- 
e^ect™ical,y,o,hesubject basedonthe ''"''^ ^""^ ">^^ ^en provided 

'^nner diagnostic evaluation, ulrrr""""""'"*^«™''~^ 
-dication. or lifestyle change llT ' 

--and.ya,so.used::::::— 
~re™:::~ 
-poi«cregio„ofa„p::r::r^'"°™^^^^^ 

analysis, and accessing an electronic output d ^ ^ ' " ^"""'^ 
«-erebyself.assessingris.forav:i:r r'^^^^ 

-HBS,an.or™3S.ndieates::rd:reI~°^- 

In another aspect the inventin °' ^"'""^^ ^^^^^^^e- 

^-asecontpHsingpLi,;r:~ 

°---.t...ug..,,:„.CbC^^^^^^^ 

digital genetic profile data obtained from the l ' ^<^" ™BS4 

''*.algeneticprofi,edatabe.,gd.;rr""''™'^'*^'^^^ 

Poi„c.egionofTHBS,ld,:CsT-"d""''"""'*'^'^^~°^= 
vascular disease. » or decreased dsk for 

An output device may be, for example a CRT ■ 

output device may be accessed via the Intel 
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THBSl and/or THBS4 genetic profile data renresent. «t i . 

THRQ/1 ' P^^^"*^^t^eastsomeoftheTRR<:i a, 

1 HBS4 genetic profile data fl« i • ^ ^'l/or 

dam via a communica.ions network to » , ■ , * 

counseling the individual to provide a binin • , ™<'tl,od compnses 

<a.'eaHo,„giea,sa,„p,eJr::^:7't^"'''""''''"*"^^»« = <<--U^^ 
-pletoaiaBoratot^oo^pirr : 

— dataanddi;:;: t:T^^^^^^ 

assess^entrepon rec ,rtr ! t """■'^'"'''^''■"'''' — ^•■^^•^ 

^^-»^~je:rei~:r.~^ 

device, or interactive pa,e on a w h ^^'^^ '"P"' 

-..ta,.eai..da..r: ::^~-'7^-eo...e.^ 

bioiogica, santpie to obtain .o ecu,! *^'"*^*'"''^"''^^^^ 

conrprisestl.ep,e.„ceorab r 

e presence or absence ofa polymorphic region of THBSl a, ^ 
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compriseadigita, hea,ftprofi,eof*e individual. The™„,ecula.dataca„ comprise p^ein 

sequence data, and *e.c,,ecu,a.p.ofi,e can co^pHseaproteo^icprome. The ™o,ecu,ar 

data can also c„™pri.einf„nnati„„,.garding one or „,oreof,he absence, presence, orlevel 

Of oneor nonspecific proteins, polypeptides. Chemicals, ceils, organises, or compounds in 

.he ,„d.v.dual.sbiologicalsan,p,e. The molecular data™.y also comprise,.,., nucleic add 
sequence data, and fl,e molecular profile may comprise, e.g.. a genetic p,„file 

'">'«»°*-™bodiment,,hemethodofassessingthehealthofanindividual 

ftmhercomprisesobtainingasecond biological s^tpieorasecond health intaationata 
..me after obtaining the initial biological sample or initial health info^ation, processing the 
second biological sample to obtain second molecular infonnation, processing the second 
health .nformation, representing at leas, some of the second molecular infonnation as digital 
second molecular data and second health infonnation as digital health .nformation and 

P^c^sing the molecular data and second molecular dataand health information a:d second 
health .nfotmafon to generate a health assessment report. ,n one embodiment, the health 
assessment report provides infonnation about the individual, predisposition for vascular 
disease, e.g., CAD or MI, and options for risk reduction. 

Options for risk reduction comprise, for example, one or n,ore of diet, exercise, one 
or more vtamins, one or more drugs, cessation of nicotine use, and cessation of alcohol use 
where,nthehealthassessme„.reportp„videsinf„nna.ionabouttreatmemop.ionsfora ' 
pantcular disorder. Treatmentoptions comprise, for example, one or moreofdiet, one or 
more dntgs, physical .hen.py.andsurge.y.I„„ne embodiment, the health assessmentreport 

prov,dest„fom,atio„ about theefficacyofaparticulartream^en. regimen and options fo^ 

therapy adjustment. 

'"-"'h^-bodiment.electronicallyprocessingthedigitalmolecuiardataand 
d.g.ml health data to generate a health assessment report comprises using the digital 

molecular dataand/or digital health data as inputs for an algorithm orantle-^ 

.hat detem,ines whether the individual is a. risk for a specific disorder, e.g a vascular 

^^. s-h as CAD or MI. Electronically pr^ssitrg the digital molecular data and digital 
health data may also comprise using the digital molecular data and digital health data as 
u-puts for an algorithm orarule-based system based on one ormo^databases comprising 
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u/or aigitaj health data from a plurality of healthv .v,^- v. . 
stored digital molecular dam a„d/„r digi,a, health da. 1 ' ^ 

unhealthy individuals each n, r f Pl"nUities of 

o^-^tahasescaTra^^^^,^^^^^:^^^^^^^^^^ 

^^..ntoleculardataareU^r: :T:r"^""^ 
.oa.„edican„f„„^.i„„,,,,„,,^_-;-— ---or,.,^ 

— s,a„d3to«ddi,tal.olec„la.da.aa„.„^^^^,^^^^^^^^ 
pluralities of unhealthy individuals each m ,• , " """^ 

^...avasculardisorde^isalsr;:::'""'^"""*^'^'"^''^^^ 
The new methods and svstetTiQ^ffK • 

--oever.,owin,relatjr: ~ 
that is linked to specific disorders . 

kncwledgeisscrlneda!^^ P-^ic medical 

-e..:ha::r::r^^^^^^^ 

^...SNPsassociated^Lasctrdil '"^"""^ 

added as they a.discovered '"'""^"""''"^™''^-^^'"-''- 

«itho„tlin,itatio„,,ite.tur!„fIZ ; ""'"'-"^'^^-^"-^ 
database records inc,udi„rnir ^"""'■'''''^•--''P"-^^^^ 

-ye_iyinco:r^:r::reer°"'^^~"- 

ne practice of the present invention will 
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' ^ ^^^^h Oligonucleotide SynthesU (U \ r^: a ,^ 

(1984), the .reanse, 

E^y,„o,o^^ Vols ,54 and ,55 ,W Harbo, I,ab„,,o,y); 

Spring Harbor, N.Y., ,986). ^' """"8 M=^''<" Laboratory Press. Cold 



EXAMPLES 



Example I: Deteclioi 
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(Afiymetrix™) DHPLO ,„ . (""PLC) or vanant detector arrays 

J. Human Gen. 57:SuppI. A266). 
Generally, the analysis was carried out as described in O'n 

we..enerate...,.HepH.e,.a„.P«.„,,„„,,,,,,^:^ 

-.ea..r..rjr:;:;r~ 
-p....po,„:i:rM^^^^^^^^ 

ofAntplitaqpolynterase 50 no "^"^^'"■"^^ P™-, 0.8 3' primer, 0.75 units 
"8 S^-cDNA) using each ofthe above describedpairs of 

pn.ersu„der«,efo„o.„,eyc.eco„di.i„„s:.X.r.ntin.35.f,4.C.r40s; 5 ; 

for30sec.72"CforIminU2»C5min,4«Ch„ld. ^-^-.STC 

The amplified genomic DNA fragments were then analyzed bv SSrP . , 
(1989)/W^Sf/<MSfi-5i^/; , "^'y^edbySSCPCOntae/a/. 

1992 / " ^« ^«5-'25->44; and Hayashi 

(.-.)0.»«..,....,,,,,,79,Pr„meach25,lPCKreac.ion.3^was-tl:l 
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added to 7 ^1 of loading buffer. The mixture was heated to 940C for 5 min and then 
immediately cooled in a slurry of ice-water. 3-4 ^1 were then loaded on a 10% 
polyacrylamide gel either with 10% glycerol or without 10% glycerol, and then subjected to 
electrophoresis either overnight at 4 Watts at room temperature, overnight at 4 Watts at 4°C 
(for amplifying a 5' upstream regulatory element), or for 5 hours at 20 Watts at 4°C. The 
secondary structure of single-stranded nucleic acids varies according to sequence, thus 
allowing the detection of small differences in nucleic acid sequence between similar nucleic 
acids. At the end of the electrophoretic period, the DNA was analyzed by gently overlaying 
a mixture of dyes onto the gel (Ix the manufacturer's recommended concentration of SYBR 
Green Fm and SYBR Green IFm i„ o.5 X TBE buffer (Molecular Probes™)) for 5 min, 
followed by rinsing in distilled water and detection in a Fluoroimager 575™ (Molecule 
Dynamics™). 



25 



Direct sequencin g o fPCR products 

To determine the sequences of the polymorphisms identified as described above, the 
regions containing the polymorphisms were reamplified using the identified flanking 
primers. The genomic DNA from the subject was subjected to PGR in 50 ^I reactions (Ix 
PGR Amplitaq polymerase buffer, 0.1 mM dNTPs, 0.8 ^tM 5' primer, 0.8 mM 3' primer, 0.75 
units of Amplitaq polymerase, 50 ng genomic DNA) using each of the pairs of primers under 
the following cycle conditions: 94°C for 2 min, 35 x [94°C for 40 sec, 57°G for 30 sec, 72<'C 
for 1 min], 72°G 5 min, 4°G hold. The newly amplified products were then purified using 
the Qiagen Qiaquick PGR purification kit according to the manufacturer's protocol, and 
subjected to sequencing using the aforementioned primers which were utilized for 
amplification. 

Case-Control Population 

A total of 352 U.S. Gaucasian subjects with premature coronary artery disease were 
identified in 1 5 participating medical centers, fulfilling the criteria of either myocardial 
infarction, surgical or percutaneous revascularization, or a significant coronary artery lesion 
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(e..aueas.a70% stenosis i„a„aJo.epica^^,„e:,),i,^„„,,<,^,„^ 
age50.„w„„e„a„dhavi„ga«vi„g3ib,i„gwho„e.*esa.ecr..eria. These c 



, " ■^mwia. 1 ucse cases were 

compared w.«,a™.o.sa.p,eof4,8Ca„casi. controls c.a™,o.*ege„e«,US 

.de„..fied .hroughrando^-digUdialing i„«,eA,,a„.a. Georgiaare. Subjects 
.o..0.e„sto70.e.swe..vi.ed.opa..pa.eintbes^^^ 

0 !e!::TT"'^~~"^'^-"'-''*=™ 

01 serum markers and extraction of DNA. 
10 Statistical Analyxix 

In . N.C.). Dtfferences between cases and controls were assessed with a chi-souat. 

s.at.s..cforcategoHca,covariatesand,heWiieo.onstattsttcforconti„u„nscovariars 

Assoc.at,onbetwee„eachSNPandtwoo„.con,es.CADa„di.,..wasn,easuredby ' 
..™not^,„esbetwee^ 

22;'-fi-e was detet,ni„edt.ingacontin„it..ad,ustedchi-s,uare or Fisher, 
exact test for each genotype compared to the hon,ozygotes wiM-type for that W. Odds 
ratios were calculated and p^sented with 95% confidence intervals 

the be t'''Trr"'""'"'"''°""'"''"™''"^^^'=°^*-°'''»- P-'-S allows 

.hebes „„delforeachlocus(don,inan,codon,inant,orrecess,ve).obetcsted Models 

we.ch„senbasedo„sig„ifican.diffe,encesbetweenge„otypeswithinalocus.A,ile 
n-odelwa. Chosen When the ho™o.gousvariantdiffe„dsig.fic.dyfi.„,„^r 

^^rozygous and homozygous wildtype, and drelat^r two didnot differ front each other A 

h..^g„usandho.o.ygouswi,d.type,andthelatter.wodt.e^^ 

o*er.Ado™,na„.„ode, was Chosen When „„ Significant difference was Observed between 
heterozygous and homozygous variant genotypes. 

diabetes^rd"'"'!""""""^'""^"^'^""--^^^^^^^ 
"■^e'esandU.dymassmde.usingtheLOGISTCprocedureinSAS. Height and weigh, 

~.easu.edat.he.imeofe„ro.h„e„t.we.eused.ocalcu,a.ebodymassindexforeachsutlt 
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Presence of hypertension and non-insulin-dependent diabetes was measures by self-report 
(controls) and medical record confirmation (cases). 

Results 

In the population screened, one SNP in THBS 1 (G334u4) and one SNP in THBS4 
(G355U2) emerged as important SNPs associated witit CAD and MI. G334u4 is a change 
ftom an adenine (A) to a guanine (G) in the THBSl gene a. residue 55322 of the reference 
^quenceGI .2583762 (THBS,,. ™s polymorphism results in a change from an aspa^gine 
(N) to a senne (S) in the amino acid sequence of THBSl (SEQ ID N0:2) at amino acid 

residue700.G355u2isachangeft„mag„ani„etoacytidineinthereferencesequence 
(3 14916146a,„ucleotideresidue 105290. Ws polymorphism results in a ch^gc from an 

- alamne (A) to a p,»lme (P) in the amino acid sequence of THBS4 (SEQ ID NO:4) a. ammo 

••-i acid residue 387. 

"•-1 

m ForCAD, 146of342 subjectscarriedatleastonecopy„f,heTHBS4(G355u2) 

vanan, allele compared with 140 of406 control subjects; odds ratio 1.42 p< 03 For 
premaoare MI. the association was even stronger: 90 of 184 cases vs. 140 of 406 conn^ls had 
M the variam allele; odds ratio 1.82p<.001. TheTHBSl SNP (G334u4) was 

5 Nonetheless, homozygosity for tire variant allele gave an odds ratio of 7.15 (p<.08) and 8 76 

(p<.07) for CAD and MI, respectively. 
20 Several other SNPs were identified in the THBSl and THBS4 genes (see Table 1 

below). A second polymorphism in the THBS 1 gene is a change from a thymidine (T) to' a 
cyttdine (C) at residue 53502 of the reference sequence GI 12583762 (polymotphism ID No 
G334U4). This polymorphism does not resuh in a change in the amino acid sequence of the 
THBSl gene (i, is a "silent" variant). A third polymotphism is a change from a cytidine (C) 
25 to a thymidine (T) in the THBSl gene at residue 60793 of the reference sequence OI 

12583762 (polymorphism ID No. G334al8). TOs polymon,hism is no, present in the coding 
sequenceofthe THBSl gene, and therefore doesnotresultinachangeinthe ammo acid 
sequcnceofthe THBSl gene (it isa-'non-coding" variant, Afourth polymorphism isa 
changefromad,ymidine(T).oaeytidine(C)mthe THBSl gene at residue 58445 of the 
refere„cese,uenceOI,2583762(p„,ymo.phism,DNo.G334u5). This polymorphism is a 
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'^■^•^^^)- This IS a non-coding variant 

rr. . ■ polymorphism result, in a change from a slvcine 

(G) .0 a senne (S) in amino acid sequence of THBS4 (SEQ ,D No l. amT 7 

residue 7,S. A *ird THBS4 p„,„sm identified is a chl^eZa 7 
adenine (A) in the THR«4 • "'^'""Se from a guanme (G) to an 

A,t^ rl ' -^-nce GI 14916146 

Although he. SNPs were no, associated With CAOand/or MI in this populaHo 
expected that the^ma, he associated^thCAOand/orMrino^terpopulL: 



15 Table 1. 





^ GM25837627~AfGGGaT^ 
nt 60793 aAAA 

tCCCCAGGATC 

ACTT C 

^ 12583762rCATCAGTGAGA~ 
nt 58445 CCGA 




™sr-G334ii6-ir-^^ 



THBSr~G334k2 
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IMBS4 TSC0656 .50 Non- — 
290 coding 

lHbJS4 G355u2 



.19 Mis 
(A/P) 



AA 
AG 
GG 



IHBS4 G355a11 .02" 



CC 
CG 
GG 



° A Ul 14916146/ CiAGAGCCGAGC TT 

nt 89835 ACCCaCTGACT 

— . GACA GCCTT 

G ^. - - - — - - 



<J Gl 14916146/ 
nt 105290 



GAAATGGA 
cCGTGCGTT 



12 



Al. of fte SNPs in .he THBSl gene were found to be in linkage di.e<,uUibriu™ wi* 

each o.^er(seeTab,e 2, below, G334al6a„ciG334k2 we. f„™. to be in negative linkage 
d.se,u„.b„un,wi,h0334u4.0dds.tios for fl,e variant alleleof each offtese .wo SNP. 
show a pto.ec.ive effect e.,.. subjec.s wift tte variant aiiele are .ess likely .o have vascular 
d^ease "Hus is consis.en, wift fte G334u4 varian. as a risk allele G334u4, U.. the varian, 

allele of G334„4 has been shown .o be associa.ed with .ncreased risk for vascular disease 

Any of these SNPs G334u3, G334al8, G334u5. 0334a,6. and G334k2) can ac. as ' 

markers for G334u4. 

Table 2. 



SNP 



"ORCAD 
homozygotes 



G334u3 



G334u5 



G334al8 



G334al6* 



rG334k2* 



1.99 



"ORMI 
homozygotes 



2.20 



1.19 



1.02 



0.49 



0.64 



1.25 



0.93 



0.45 



0.60 



U' with G334u4~ 



F vaulue for D' 



,96 



.97 



.97 



.97 



-.97 



<.0001 



<.0001 



<.0001 



.02 



.02 



the variant allele of each of these two «?MPc "^^^"^^ ^^P^- Therefore odds ratios for 

variant allele are less likeW to havT^aL Jar dt" ' ^T' ''''''' ^"''^^^^ ^^h the 
variant as a risk allele. ^^^"^ the G334u4 

^^^three SNPs-in the THBS4 gene wereinlinkagedisequilibrium 
(D =1 .0, p<.0001) (see Table 3 below). Therefore, either of the G355al 1 or the 
TSC0656290 SNPs can act as a marker for the G355u2 SNP. 
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Tables. 

SNP 



G355al 1 



TSC0656290 



OR CAD 

carriers 



1.18 



OR MI carriers 



0.97 



1.07 



D' with G355u2 



1.0 



P vauJue for D 



<^oooF 



5 Equivalents 

Those skilled in the art will recognize or be .hi. . 



described herein. Such equivalents 



^ specific embodiments of the invention 
are intended to be encompassed by the following claims. 



